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SUMMARY 


This report covers the design, analysis, fabrication, testing, and evaluation 
of three self-acting lift pad liquid oxygen face seals and two self-acting 
lift pad gaseous helium circiunferential seals. The objective of the program 
was to develop technology for reliable, 10-hour life, multiple-start seals 
for use in high speed liquid oxygen turbopumps. The seals were designed to 
operate at 32,000 rpm on a 7.62 cm (3.00 in.) nominal diameter shaft with 
1034 to 3447 kPa (150 to 500 psia) LOX pressure and 345 to 689 kPa (50 to 100 
psia) helium pressure. 

The following seals were evaluated: 

1. Rayleigh Step LOX Seal : Tested for 559 starts and 48.5 hours total. 

a. Phase I seal 1 was tested for 68 starts and 2.4 hours in gaseous 
nitrogen and 90 starts for 9.8 hours in liquid oxygen. The seal 
was damaged by a tester explosion. The wear and leakage was 
satisfactory prior to the damage. 

b. Phase I seal 2 was tested for 73 starts and 10.1 hours in liquid 
oxygen. The seal was in good condition with no wear. The leak- 
age was satisfactory. 

c. Phase III seal was tested for 195 starts and 15.3 hours in 
liquid oxygen. The seal was in good condition with slight wear 
0.00025 cm (0.0001 in.). The leakage was satisfactory 0.042 to 
0.061 m^/s (90 to 130 SCFM) . 

d. Phase IV seal was tested for 133 starts and 10.9 hours in liquid 
oxygen. The seal was in good condition with no significant 
wear. The leakage was satisfactory. 

2. Inward pumping spiral groove LOX seal : Tested for 43 starts and 1.5 

hours total in liquid oxygen. 

a. The Phase IV basic seal was tested for 9 starts and 630 
seconds. The leakage was excessive. The mating ring was worn 
0.028 to 0.063 cm (0.011 to 0.025 in.). The carbon was worn 
0.102 to 0.152 cm (0.040 to 0.060 in.). 

b. The Mod I seal was tested for 3 starts and 20 seconds, the 
leakage was excessive. The mating ring was worn 0.0005 cm 
(0.0002 in.). The carbon was worn 0.0010 to 0.0056 cm (0.0004 
to 0.0022 in.). 

c. The Mod II seal was tested for 24 starts and 2058 seconds. The 
leakage suddenly increased excessively. The mating ring was 
worn 0.0013 cm (0.0005 in.). The carbon was worn 0.030 to 
0.048 cm (0.012 to 0.019 in.). 

d. The Mod III seal was tested for 7 starts and 2724 seconds. An 
explosion and fire was caused by rubbing at the seal face. 



3. Outward pumping pressure balanced spiral groove LOX seal ; Tested for 

71 starts and 1.4 hours total in liquid nitrogen. 

a. Phase V seal 1 was tested for 31 starts and 24.3 minutes. 

Heavy rubbing and wear 0.0025 cm (0.001 in.) occurred due to a 
tester malfunction. The seal performance was satisfactory 
prior to the damage. 

b. Phase V seal 2 was tested for 40 starts and 59.5 minutes. The 
seal was in satisfactory condition with negligible rubbing and 
wear. The leakage was satisfactory 6.023 to 0.047 m^/s (50 

to 100 SCFM). 

4 . Rayleigh Step segmented carbon helium seal ; Tested for 401 starts 

and 26.1 hours total with gaseous helium. 

a. Phase I three-segment seals 1 through 4 were tested for 12 
starts and 0.7 hours total. The carbon segments were broken 
due to excessive tester shaft deflections. 

b. Phase I six-segment seal 1 was tested for 57 starts and 1.7 
hours. The segments were worn uneven due to mating ring 
distortion. 

c. Phase I six-segment seal 2 was tested for 20 starts and 2.6 
hours. The segments were worn uneven. 

d. Phase I six-segment seal 3 was tested for 65 starts and 7.2 
hours. The seal was damaged by a tester explosion. The leak- 
age was satisfactory prior to the explosion. 

e. Phase IV seal 1 was tested for 133 starts and 10.9 hours. The 
seal was in good condition with slight wear 0.00076 cm (0.0003 
in.). The leakage was acceptable 0.0014 to 0.0037 m^/s (3 to 
8 SCFM). 

f. Phase IV seals numbers 2 and 3 were tested for 71 starts and 
1.4 hours. The segments were damaged by a tester malfunction. 
The leakage was satisfactory prior to the damage. 

g. Phase V seals 1 through 3 were tested for 71 starts and 1.4 
hours. The segments were damaged by a tester malfunction. The 
leakage was satisfactory prior to the damage. 

5. Rayleigh Step floating ring helium seal ; Tested for 168 starts and 

25.3 hours total with gaseous helium. 

a. Phase III basic seals 1 and 2 were tested for 62 starts and 4.4 
hours. Both seals seized and wore a groove in the mating ring. 

b. Mod I seal 1 was tested for 63 starts and 9.6 hours. The seal 
was in good condition with negligible wear. The leakage was 
satisfactory 0.019 to 0.023 kt/b (40 to 50 SCFM). 

c. Mod I seal 2 was tested for 143 starts and 11.3 hours. The 
seal was in good condition with negligible wear. The leakage 
was satisfactory 0.019 to 0.023 m^/s (40 to 50 SCFM). 
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INTRODUCTION 


Rotating shaft seals used for high-speed, high-pressure liquid oxygen turbo- 
pumps will require significant advances in sealing technology for effective 
sealing and reliable operation. The conventional rubbing contact face seals 
provide effective sealing for pressures up to 2068 kPa (300 psia) at speeds 
up to 61 m/ s (200 ft/sec) with a life of 2 hours. Higher speeds and pres- 
sures or longer life require either labyrinth or floating ring type clearance 
seals with significantly higher leakage. The objective of this program is to 
develop technology for self-acting hydrodynamic seals which will provide 
effective sealing and reliable operation for 10 hours life at speeds of 137 
m/s (450 ft/sec) and pressures up to 3447 kPa (500 psia). 

The self-acting hydrodynamic seals develop a fluid film at the sealing inter- 
face to support the seal ring without rubbing contact. The fluid film thick- 
ness is controlled by the hydrodynamic lift force at the seal face. The lift 
force decreases for larger gaps and increases for smaller gaps to maintain 
the desired fluid film thickness. The film thickness is established by bal- 
ancing the closing forces on the seal ring against the opening forces on the 
face. The seal ring seeks an equilibrium position where the opening force is 
equal to the closing force. Effective sealing without rubbing contact is 
accomplished by operating at small 0.00025 to 0.0010 cm (0.0001 to 0.0004 
in.) clearances. 

The following liquid oxygen seals were evaluated: 

1. Shrouded Rayleigh Step hydrodynamic lift pad face seal with a piston 
ring secondary seal and with a segmented Vespel secondary seal. 

2. Spiral groove inward pumping hydrostatic/hydrodynamic face seal with 
a piston ring secondary seal. 

3. Spiral groove outward pumping pressure balanced hydrostatic/hydrody- 
namic face seal with a segmented Vespel secondary seal. 

The following helium seals were evaluated: 

1. Shrouded Rayleigh Step segmented carbon hydrodynamic circumferential 
seal. 

2. Shrouded Rayleigh Step floating ring hydrodynamic circumferential 
seal. 

The evaluation included analysis, detail design, hardware fabrication, and 
experimental testing with actual propellants at the required operating condi- 
tions. An existing tester was modified to simulate the turbopump environ- 
ment. Hydrodynamic analysis of the Rayleigh Step and outward pumping spiral 
groove geometry was performed by NASA Lewis. Hydrodynamic analysis of the 
inward pumping spiral groove geometry was performed by Crane Packing 
Company. The seal hardware was fabricated by Stein Seal Company, Koppers 
Company and Crane Packing Company. The experimental testing was performed at 
Rocketdyne and Wyle Laboratories. 
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SEAL DESIGN 


A design analysis and detailed design of the self-acting lift pad seal 
designs furnished by NASA was conducted to ensure satisfactory operation in 
gaseous nitrogen and liquid oxygen. The hydrodynamic analysis of the 
Rayleigh Step and outward pumping spiral groove designs was performed by 
NASA. The hydrodynamic analysis of the inward pumping spiral groove LOX seal 
design was performed by Crane Packing Company. 

The LOX seals were designed to the following specifications: 


Fluid: 

Temperature: 


Pressure: 

Speed: 

Start Time: 

Shutdown Time: 

Shaft Axial Movement: 
Operating Life: 

Number of Starts: 


Liquid and/or gaseous oxygen 

Gaseous nitrogen 

Liquid oxygen 90 K (-297 F) 

Gaseous oxygen 132 K (-220 F) 
Gaseous nitrogen 294 K (70 F) 

2413 to 3447 kPa (350 to 500 psia) 
32,000 rpm 

3.5 seconds 

2.5 seconds 

±0.051 cm (0.020 in.) 

10 hours 
130 


The helium seals were designed to the following specifications: 


Fluid: 

Temperature: 

Pressure: 

Speed: 

Start Time: 

Shutdown Time: 

Mating Ring Radial Runout: 
Mating Ring Diameters: 
Phase I-IV: 

Phase V: 

Operating Life: 

Number of Starts : 


Gaseous helium 

294 to 163 K (70 to -297 F) 

345 to 689 kPa (50 to 100 psia) 
32,000 rpm 

3.5 seconds 

2.5 seconds 

0.0076 cm (0.003 in.) TIR 


10,000 cm (3.9370 in.) 
6.768 cm (2.6648 in.) 
10 hours 
130 


PHASE I RAYLEIGH STEP LOX SEAL 

The Phase I LOX seal (Fig. 1) consists of a face type carbon seal ring with 
Rayleigh Step hydrodynamic lift pads on the outside of the sealing dam to provide 
fluid film support. The carbon seal ring (Fig. 2) is retained by interference 
fit with an Invar 36 metal band. The retainer band has two anti-rotation tangs 
engaging slots in the housing to provide full axial movement without rotation. 

The seal ring assembly is loaded against the rotating mating ring through an 
Invar 36 pilot ring with compression springs. The seal ring has a lapped sealing 
dam on the back side to provide a static seal to the pilot ring. The pilot ring 
is sealed to the housing with a carbon piston ring (Fig. 3). The sealing 
surfaces of the pilot ring are hard chrome plated. 
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Figure 


Phase I and III Rayleigh Step LOX Seal 
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Figure 3. Phase I Piston Ring (CF 850816) 


Rayleigh Step Lift Pads 


The Rayleigh Step lift pads (Fig. 4) provide hydrodynamic lift for noncontact 
operation. A fluid film is developed at the seal face to support the seal ring 
without rubbing contact. The fluid film thickness or sealing gap is controlled 
by the hydrodynanic lifting force at the seal face. The lift force decreases for 
the larger gaps and increases for smaller gaps to maintain the desired fluid film 
thickness. The film thickness is established by balancing the closing forces on 
the seal ring against the opening forces on the face. The seal ring seeks an 
equilibrium position where the opening force is equal to the closing force. The 
operating gap can be adjusted by changing the closing force. 

The Rayleigh pad analysis was performed by NASA using a computer program titled 
NASA Seal-Acting Lift Pad Design Program for Gas Film Seals (Ref. 1). The 
generated lift force as a function of the operating environment, lift pad 
geometry and operating film thickness is shown in Fig. 5. 

The lift pad geometry was optimized for gaseous oxygen at 133 K (-220 F) to 
provide margin against rubbing contact due to decreased lift force if the liquid 
oxygen vaporized in the lift pad area. The lift force at 0.00025 cm (0.0001 in.) 
for liquid pad geometry decreases from 560 N (126 lb) to 49 N (11 lb) when the 
environment changes from turbulent liquid oxygen to gaseous oxygen. The lift 
force at 0.00025 cm (0.0001 in.) for gas pad geometry decreased from 338 N 
(76 lb) to 253 N (57 lb) if the environment changes from liquid to gas. If a 
design based on liquid conditions is run with gas, the decreased lift force may 
result in rubbing contact and seal damage. A gas design seal running in liquid 
or liquid gas mixture will operate with a larger film thickness and increased 
leakage. The increased leakage is more acceptable than rubbing contact. 

Force Balance 


The sealing dam opening force and the closing force due to the pressure acting on 
the secondary seal diameter were approximately equal for the assumed conditions. 
The leakage across the sealing dam was assumed to be compressible fluid between 
parallel sealing surfaces with isentropic entrance conditions and choking (sonic 
flow) at the exit. 

The NASA computer program titled Quasi-One-Dimens ional Compressible Flow Across 
Face Seals and Narrow Slots (Ref. 2) was used to analyze the sealing dam opening 
force. The predicted average opening pressure profile factor at the sealing dam 
is 63 to 70% of the pressure differential, depending on the asstuned loss coeffi- 
cient and the pressure ratio (Fig. 6). 

The sealing dam dimensions were selected to provide a 70% balance factor (closing 
area/dam area). The seal is force balanced when the balance factor is equal to 
the sealing dam pressure profile factor. The design provides a slightly positive 
closing force to allow for variations in fluid condition and sealing surface 
geometry. 
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Figure 5. Rayleigh Step LOX Seal Lift Force 







Lea kage 


The predicted sealing dam liquid oxygen leakage rate as a function of operating 
film thickness at 2068 kPa (300 psia) and 30,000 rpm is shown in Fig. 7. The 
nominal leakage at the sealing dam is 0.010 m^/s (22 SCFM) for 0.0005 cm 
(0.0002 in.) film thickness. The leakage at the secondary piston ring is 
expected to be approximately equal to the nominal sealing dam leakage. The 
leakage at the lapped joint static sealing dam between the seal ring and pilot 
ring is not included and is expected to be negligible. 

Seal Ring Stress and Deflection 

The carbon seal ring and Invar retainer band assembly was analyzed bo establish 
the interference fit for positive retention and to determine the radial deflec- 
tion caused by thermal contraction and pressure induced forces. The results are 
shown in Table 1 for a pressure of 2413 kPa (350 psia) and temperature of 90 K 
(-297 F). 


TABLE 1. RAYLEIGH STEP LOX SEAL RING STRESS AND DEFLECTIONS 


INITIAL DIA INTERFERENCE, cm (IN.) 

0.028 

(0.011) 

TEMPERATURE DIA DEFLECTION, cm (IN.) 

-0.0038 

(-0.0015) 

PRESSURE DIA DEFLECTION, cm (IN.) 

-0.0023 

(-0.0009) 

TOTAL DIA DEFLECTION, cm (IN.) 

-0.0061 

(-0.0024) 

CARBON RING STRESS, kPa (PSI) 

-35033 

(-5081) 

INVAR BAND STRESS, kPa (PSI) 

128998 

(18709) 


Mating Ring 

The LOX seal mating ring is K-monel, hard chrome plated on the sealing surface 
and lapped flat within three helium light bands. The ring is free mounted 
(Fig. 1) on the shaft sleeve and spring loaded for clamping to prevent 
distortions caused by shaft sleeve deflections. The shoulder on the shaft sleeve 
is flat within three helium light bands. The spring load and static sealing are 
provided by a standard machined metal bellows type static seal. The ring is 
keyed to the sleeve at one location to prevent rotation. A narrow pilot land is 
used on the mating ring bore to minimize bending moments caused by sleeve 
distortion. 

PHASE II RAYLEIGH STEP LOX SEAL 

The Phase II LOX seal (Fig. 8) is the same as Phase I, except the seal ring is 
solid carbon. The carbon seal ring is piloted with a separate Invar 36 retainer 
ring which is attached to the Invar 36 pilot ring. The Rayleigh Step geometry is 
the same as Phase I. 

The PHASE II LOX seal was fabricated but not tested due to insufficient funding. 
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PREDICTED LEAKAGE (SEALING DAM) 












PHASE III RAYLEIGH STEP LOX SEAL 


Th 0 Ph&se III LOX seal (Pig. 1) is the seune as Phase I except the carbon seal 
ring material was changed from P03N to P692 to reduce chipping and the piston 
ring material was changed from carbon P5NR2 to Vespel SP211 for improved sealing. 

PHASE IV RAYLEIGH STEP LOX SEAL 

The Phase IV Rayleigh Step LOX seal (Fig. 9) uses the same seal ring assembly 
with the same geometry and materials as the Phase III seal. The pilot ring and 
housing are revised to allow the use of a segmented Vespel SP211 secondary seal 
(Fig. 10) in place of the piston ring seal used for Phase III. The segmented 
seal provides more effective sealing between the pilot ring and housing. 

PHASE IV SPIRAL GROOVE LOX SEAL 


The Phase IV inward pumping spiral groove LOX seal (Fig. 11) uses the Phase III 
housing, pilot ring and piston ring. The seal ring (Fig. 12) is the same except 
the carbon face is a plain flat surface. The spiral groove geometry (Fig. 13 
and 14) is etched into the hard chrome plated surface of the rotating mating 
ring. 


The spiral grooves develop both hydrostatic and hydrodynamic lift (Fig. 15) to 
maintain face separation to eliminate rubbing contact. The hydrostatic lift is 
developed across the seal face when a pressure differential is applied under 
static conditions. The hydrodynamic lift adds to the hydrostatic lift as rota- 
tion starts. The lift force varies inversely with gap to the face clearance gap, 
decreasing as the gap increases. Therefore, the gap is self-adjusting to equal- 
ize the lift force and closing force. 

Basic Design 


Analysis was performed on the spiral groove LOX seal to establish the carbon seal 
ring inside diameter for pressure balance. The design conditions were as follows 


Speed: 

Pressure: 

Temperature: 

Fluid: 

Spring Load: 


32,000 rpm 

1724 and 4137 kPa 
(250 and 600 psia) 

235 K (-225 F) at 1724 kPa (250 psia) GOX 
270 K (-190 F) at 4137 kPa (600 psia) GOX 
170 K (-290 F) LOX 

Liquid and/or gaseous oxygen 

62.3 N (14 lb) 
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FiSure 10. Phase IV Rayleigh Step LOX Seal Segmented 
Secondary Seal 
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Phase IV Basic Inward Pumping Spiral Groove LOX 
Seal Mating Ring 
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Figure 15. Inward Pumping Spiral Groove Hydrostatic/ 
Hydrodynamic Face Seal 



The results of a computer analysis made by Crane Packing Company are given below: 


FLUID 

PRESSURE 

OPENING 

FORCE 

STIFFNESS, 

(10&) 

GAP 

LEAKAGE 

GOX 

1724 kPa 
(250) PSIA 

4919 N 
(1106) LB 

4.660 N/CM 
(2.663) LB/IN. 

0.00035 CM 
(0.00014) IN. 

0.0007 m3/S 
(1.5) SCFM 

LOX 

1724 kPa 
(250) kPa 

4919 N 
(1106) LB 

3.243 N/CM 
(1.853) LB/IN. 

0.00063 CM 
(0.00025) IN. 

0.0006 m3/S 

(1.25) SCFM 

GOX 

4137 kPa 
(600) PSIA 

11267 N 
(2533) LB 

10.412 N/CH 
(5.590) LB/IN. 

0.00038 CM 
(0.00015) IN. 

0.0016 m3/S 
(3.5) SCFM 

LOX 

4137 kPa 
(600) PSIA 

11267 N 
(2533) LB 

8.592 N/CM 
(4.910) LB/IN. 

0.00043 CM 
(0.00017) IN. 

0.0015 m3/S 
(3.2) SCFM 


Analysis indicates that the carbon seal face inside diameter should be 7.302 cm 
(2.875 in.) for the desired force balance. The sealing dam width will be 0.556 
cm (0.219 in.). The seal will lift off (opening force will equal closing force) 
at 345 kPa (50 psia) and 200 rpm. The basic design was biased toward the minimum 
operating gap to minimize leakage. 

Mod I Design 


The basic design was changed due to heavy face rubbing. The force balance was 
revised by reducing the inside diameter of the carbon sealing face from 7.302 cm 
(2.877 in.) to 7.023 cm (2.765 in.) (Fig. 16). The smaller face diameter will 
increase the opening force and allow the seal to operate at a larger face gap to 
minimize rubbing contact. 

Mod II Design 

Revision was required due to leakage and rubbing at the seal face. Analysis 
indicated that the wide sealing dam concept used by Crane on the more recent 
spiral groove designs may not be satisfactory for cryogenic fluids due to 
excessive force variation caused by vaporization of the fluid across the sealing 
interface. The spiral groove design was revised (Fig. 17) to be similar to the 
narrow dam concept used on the successful small high speed LOX seal program. 

The spiral groove inside diameter was changed from 8.412 cm (3.312 in.) to 7.671 
cm (3.020 in). The spiral groove depth was changed from 0.0005 cm (0.0002 in.) 
to 0.0010 cm (0.0004 in.) for improved lift at the larger operating gap. The 
carbon seal ring with 7.023 cm (2.765 in.) inside diameter is used with the 
revised spiral groove mating ring. 
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Figure 16. Phase IV Spiral Groove LOX Seal, MOD I 
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Figure 18. Phase V Outward Pumping 
LOX Seal Assembly 
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Lift Force 


The spiral groove lift force as a function of film thickness for liquid and 
gaseous oxygen is shovm on Fig. 22. The sealing dam opening force at 3447 kPa 
(500 psia) is constant for liquid oxygen at 565 N (127 lb) and varies for a 
gaseous oxygen from 725 N (163 lb) to 765 N (172 lb) as the film thickness 
decreases. The pressure closing force at the same pressure is 754 N (169 lb); 

The spring force is 62N (14 lb). The resultant closing force is the sum of the 
pressure closing force and spring force minus the sealing dam opening force. 

The resultant closing force is shown with the spiral groove lift force on 
Fig. 22. The seal will seek an operating film thickness where the closing force 
is equal to the lift force. The analysis indicates that the seal will operate 
with a film thickness of 0.00074 cm (0.00029 in.) with gaseous oxygen and 
0.00068 cm (0.00027 in.) with liquid oxygen (Fig. 22). 

PHASE I SEGMENTED RAYLEIGH STEP HELIUM SEAL 

The initial Phase I helium seal (Fig. 23) consisted of double three-segment 
carbon G84 circumferential rings. The helium purge pressure is supplied between 
the rings, to provide a pressure barrier for separation of the drain cavities. 

The segments are loaded radially inward against the mating ring with extension 
garter springs and the unbalanced radial pressure force. The segments use 
Rayleigh Step lift pads (Fig. 24) to provide hydrodynamic lift force for fluid 
separation of the segments and rotating mating ring. The lift force varies with 
fluid film thickness, increasing for smaller gaps and decreasing for larger 
gaps. The segments will seek an equilibrium position where the closing force is 
equal to the lift force and sealing dam opening force. The radial pressure 
profile for a segmented Rayleigh Step seal is shown in Fig. 25. 

The three- segment design was changed to a six-segment design (Fig. 26) during the 
Phase I test program due to breakage of the carbon segments. The six-segment 
design provided increased flexibility of the ring assembly and stronger 
segments. The carbon material was also changed from G84 to P5N for increased 
strength. 

Lift Force 


The lift force and closing force per segment, as a function of the film 
thickness, for the three-segment and six-segment designs is shown on Fig. 27. 

The resultant closing force is the sum of the unbalanced radial pressure force 
and the spring force minus the sealing dam opening force and friction force. The 
unbalanced radial pressure force for the three-segment design is 18.3 N (4.12 lb) 
per segment. The spring force is 0.93 N (0.21 lb) per segment. The dam opening 
force is 9.52 N (2.14 lb) per segment. The resultant closing force is 9.74 N 
(2.19 lb). The data indicate the segments will operate with 0.00066 cm (0.00026 
in.) film thickness. The six-segment design is nearly the same with 0.00074 cm 
(0.00029 in.) operating gap. 
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Figure 23. Phase I Rayleigh Step Helium Seal (GD 851240) 





Figure 24 . Phase I Three-Segment Rayleigh Step Geometry (CD 851241) 
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Figure 26. Phase I Six-Segment Rayleigh Step Geometry 
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Figure 27. Phase I Rayleigh Step 
Lift Force 








Mating Ring 


The Phase I mating ring design was changed from a symmetrical T-shape to an 
offset thin web design (Fig. 28) to minimize the thermal distortion caused by the 
liquid oxygen side being colder. The offset web design uses the centrifugal 
force deflection to compensate for the thermal contraction. 

PHASE III FLOATING RING RAYLEIGH STEP HELIUM SEAL 

The Phase III floating ring Rayleigh Step helium seal (Fig. 29) consists of 
double metal banded carbon G84 circumferential seal rings pressurized between 
with gaseous helium. The rings are free to float in the radial direction and are 
restrained from rotation with anti-rotation tangs. The unbalanced radial 
pressure load is supported by the rings in compressive hoop stress. Rayleigh 
Step lift pads are utilized upstream of the sealing dam to provide hydrodynamic 
lift. The seal ring inside diameter is grooved around the Rayleigh pads to vent 
the pressure up to the sealing dam to reduce the unbalanced pressure load. The 
side surface is also relieved for pressure balance. The seal ring pressure 
profile is shown in Fig. 30. 

Lift Force 


The Rayleigh Step lift pads provide hydrodynamic lift for noncontact operation 
except during the start and stop transients. A fluid film is developed in the 
recessed pads by viscous pumping to assist in support of the seal ring in order 
to minimize rubbing contact. The fluid film thickness is controlled by the 
hydrodynamic lifting force in the pad. The lift force decreases for a larger gap 
and increases for a smaller gap. The floating seal ring seeks an equilibrium 
position where the gap is constant around the shaft. When the shaft moves off 
center, the unbalanced radial load tends to recenter the seal ring. 

The lift pad geometry was optimized for gaseous helium at 294 K (530 R) . The 
calculated maximum lift force at 0.00013 cm (0.00005 in.) is 22. 2N (4.99 lb) per 
pad. The lift force decreases to 0.93N (0.21 lb) at 0.00010 cm (0.0004 in.) and 
is not effective for larger gaps. The lift force per pad as a function of film 
thickness is shown in Fig. 31. 
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Figure 29. Phase III Floating Ring Rayleigh Step Helium Seal 
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The lift pad film thickness varies around the circumferential seal ring from zero 
at the contact point to the diametral clearance opposite the contact as shown in 
the following equation: 

X = [R^ + e^ - 2Re cos 0]^^^ - r 

X = film thickness 

R = seal ring inside radius 

r = shaft outside radius 

0 = angle from contact 

e = eccentricity of seal ring and shaft 



A comparison of the lift force and film thickness to the angle from contact, 
indicates that only two pads provide significant lift force to assist in 
centering the seal ring. The maximum lift force is 27.04 N (6.08 lb). 

The ability of the seal ring to center on the shaft without rubbing contact 
depends on the lift force to exceed the radial friction force and dynamic inertia 
forces. The radial friction force is a function of the unbalanced axial forces 
and the coefficient of friction. The radial friction force for the seal ring is 
7.6N (1.7 lb). The analysis indicates that the lift force is sufficient to 
center the seal ring without rubbing contact. 
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Seal Ring Stress and Deflection 

The carbon G84 seal ring and Inconel x 750 retainer band assembly was analyzed to 
establish the interference fit for positive retention and to determine the radial 
deflection caused by thermal contraction and pressure induced forces. The 
results are shown in Table 2 for a pressure of 689 kPa (100 psia) and 
temperature of 255 K (OF). 

TABLE 2. RAYLEIGH STEP FLOATING RING STRESS AND DEFLECTION 


INITIAL DIA INTERFERENCE, CM (IN.) 

0.051 

(0.020) 

TEMPERATURE OIA DEFLECTION, CM (IN.) 

-0.0058 

(-0.0023) 

PRESSURE DIA DEFLECTION, CM (IN.) 

0 

(0) 

TOTAL DIA DEFLECTION, CM (IN.) 

-0.0058 

(-0.0023) 

CARBON RING STRESS, kPa (PSI) 

-103,425 

(-15,000) 

INCONEL BAND STRESS, kPa (ps1) 

123,420 

(17,900) 


Mating Ring 

A Z-shaped helium seal mating ring was designed to maintain a cylindrical sealing 
surface at the design operating condition. The Phase I T-shape design deflected 
to a conical sealing surface during operation. The circumferential Rayleigh lift 
pads will not provide lift on a conical sealing surface and would result in rapid 
carbon wear. The Z-ring geometry and design temperature distribution is shown in 
Fig. 32. The Z-design features a 45-degree web conically thinned toward the 
attachment point at the turbine side of the sealing ring. 

Even temperature distribution results on the ring inside diameter from the LOX 
leakage and on the outside diameter from the helium purge. The design thermal 
gradient was determined from estimated operating conditions which resulted in the 
conical deflection of the T-ring as determined from analysis of carbon ring wear 
after Phase I testing. Sealing surface deflections of the Z-rlng at design 
operating condition were determined using a finite element analysis and are shown 
in Fig. 33 along with the T-ring characteristic for comparison. 

Additional features of the Z-ring design include a press fit shaft pilot to 
provide position piloting on the shaft at design operating condition and a puller 
ring added to the web to facilitate ring removal. 

PHASE V SEGMENTED RAYLEIGH STEP HELIUM SEAL 

The Phase V segmented carbon Rayleigh Step helium seal (Fig. 34) is the same 
concept as the Phase I seal, except the diameter is reduced from 10,000 cm 
(3.937 in.), to 6.769 cm (2.665 in.), and the mating ring is a sleeve on the 
shaft. The Rayleigh Step lift pad geometry is shown in Pig. 35). The lift force 
per segment as a function of film thickness for a pressure of 345 kPa (50 psia) 
and temperature of 294 K (530 R) is shown in Fig. 36. 
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Figure 32. Phase III Heliiim Mating Ring 
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Figure 33. Phase III Helium Mating Ring Sealing Surface 
Deflections at Design Operation CCnditions 
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Figure 34. Phase V Segment 


Rayleigh Step Helium Seal 








Figure 35. Phase V Rayleigh Step Lift Pad Geometry 
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TESTER 


PHASE I BASIC 


The seal tester assembly, as originally used during Phase 1 of the program, is 
shown in Fig. 37. This tester is a modification of an existing J-2 liquid hydro- 
gen bearing and seal tester designed to accept the test seals. Additional modif- 
ications to the tester were done during later phases of the program based upon 
the test requirements. 

The Phase I tester was designed to provide the test capability for evaluating one 
cryogenic self-acting lift pad test seal at speeds up to 137 m^/s (450 ft/sec) 
and pressures of 2758 kPa (400 psi). The test seal cavity is sealed from the 
rest of the tester by a face seal on the bearing side and by a helium purge seal 
and a face seal on the turbine side. A schematic of the tester seal area is 
shown in Fig. 38. During gaseous nitrogen testing, commercial ball bearings 
lubricated with an oil-air mist were used. During liquid oxygen testing, the 
Phase 1 tester used J-2 turbopump bearings (NA5- 26660) lubricated with liquid 
oxygen. The bearings in both cases are preloaded using an axial load piston cal- 
ibrated to give a minimum preload of 889.6 N (200 lb). The tester was mounted on 
the existing J-2 tester mounting frame. 


The Phase I tester was originally designed to be driven by a 373,000 kW (500 hp) , 
variable speed, DC motor capable of up to 120.4 rad/sec (1150 rpm) . A 1:30 ratio 
gearbox was installed into the system so that the required speed of 2931.8 rad/ 
sec (28,000 rpm) could be reached. The tester and drive system are coupled with 
a splined coupling shaft which extends out of the tester and into the gearbox. 
This system was designed to be compatible with the existing facility at the Santa 
Susana Field Laboratory, Component Test Laboratory 1. 


During Phase 1 testing, helium seal failures typical of those created by large 
shaft deflections spawned an investigation into the tester critical speeds and 
resulting shaft motions. The tester was instrumented with two Bently transducers 
90 degrees apart at the helium seal area of the shaft. Tests were conducted 
where the tester was gradually spun up to 3351 rad/sec (32,000 rpm) and shaft 
motions were measured to identify critical speeds. The test results, backed up 
by theoretical analysis, indicated that the tester was passing through a critical 
speed and that shaft deflections of as much as 0.0003 m (0.012 in.) were experi- 
enced in the helium seal area. For tester bearing spring rates of 1.75 x 10^ 

N/m (1 X 10^ Ib/in.) the first three critical speeds were calculated to be 
1465.9 rad/sec (14,000 rpm), 1989.5 rad/sec (19,000 rpm), and 5235.5 rad/sec 
(50,000 rpm), respectively. Continued investigation of the problem indicated 
that additional shaft deflections were caused by loose tester facility mounts and 
excessive misalignments of the tester shaft and drive motor gearbox output 
shaft. The facility mounts were promptly modified to replace the spherical bear- 
ings and cylindrical adapters with gusset plates to improve stability, and an 
improved alignment procedure was incorporated into the assembly procedures. 


50 



T<fi^a£/4f yiia> ‘^d9^ yyyy^^ 

A/^3 /aoa^'^/r' y4, 

-oo/a - cay^ y^ -^a=a 

rcy^Si/^ y^o - yyy/^^ 

^S ^ooa c ~ya ^<r^<-r*</ /^ ^<so^ 
y.^y^S~^<^yo -oo/^ u^sj/a^ /c ^eva^ 

r4!>^a>i/s /7^‘ ^f,9 

99- ■^C//^'^ Jt^iT!C=><- /yCVO-£> 

y0C>//3*9-J ^4 S^q£> 

9f''^AoSf7 cay<sy^ / ^isay!^ 

99‘^<»^SS^ (T'^S^tS’T / 

/993 /SS/^^^a sc^eyy ya 

/33 • ooya -acya ^>9Syy<sy: js y^tsa ^ 

£3- 7/ /A//^^ 

• A/yfS /oo3~//j^ ^ac r £^a ^£<7yy 

yyy9^yhy<£y^ *?*<£> y^<£<aiy 

^<Sye'<S(/£S ^3^ 



U'*6 /3£/--9~/e 3C^£My /s 
y.yy /^‘J ^ oayo - aoya yyy^^y^yr-^ y^<£ M^’y^ayy 
T’a.^ao'^ ^3-73 yy^/y^ 



1 

- j 

^ 1 

' 1 
'} 



i 

tz: 



^909 X y^£!>y^y^7^ay^ / y^3£3 

<^y>s^£r / 

99-9^£^C3 y^c</yyr‘//yC7 y=*yypr^ yye^a'a£^ 

jvyps sc^^i^yy ^9 ^sao 

y.^y^3~oc/a-oo/<3 39y^3a27 

r^^ay/y? 3£-7//yy/ya 

99' ¥tf033/ SA'yy-'^ / .<raa yp 

99’9^azae cs^SAr^r / 

j9S OO 990 S X S/^A CAff* / ^ 

xryyy^ y ^a?3yp 

^y^SytTisr / ^yr&yp 

sS'i/y^y^a^r / y^y^ayp 

jx’^y / ^y£<a£P 


y^4t//ty syyyy-7 / ^t£9>x7 
•99/2X. ^y9SAC<^r’ ^^3cSXP 

S3/zyc» ^yzx?y. y^ssy / y^y^oy^ 

^99/0 X Ar^7~y?/yv3/^ / ^43 <scp 

99/ 7X CfXSyXyFr / ye‘<3<3Z7 

yyyfs /3s/-^./^ sCye-^yy ac y^y*<syp 
y.z> y£ 3- 00/0 " aoyo i/yy9sy/3>^ 3^ y^yrayo 
7~9y^<syy<£ 39' 77 /'^/03 

0099/3 X y^37’y/yyy<3y^ / y^^axp 

- y4//<3/3'-93 o/y/ypyy ^ y^^oyp 

(^/3/aoyr^9 -s-^s-^c ^ 9’<£a£p 

y/xfs /£3/-a-y^ ^C9*y/yy /£ ^£T<oyp 
y.c/ /33~3s>yo-y>y)03 yy^9 ^yX^'.c' y<9 y9<£03> 
r9^0c/3 

yyy?s /3S/^9~/7 ^c^yz/yx /3 ^c* 0 £> 
y. yp /£3 -CO/<P -yjoyo yyy^ayyy/ye* yZ ^3<s>JP> 
7P/Z’Oi/3 33' '77 yy^/y.43 

^C /o.^9 S3^c /^yroyip 

XTS oo^9osx y.acy£iyyy9Syy'f3'^ / ■9^a<syp 

99-939937 y/y/r / y<’3azp 

99-930&73 y.acx: uyyp^A/yf'^ / ^<z<Syo 

<7f.A/y^'/37 -PP*£y9 y y^yyy<7 / ^^^OyP 

^5009907 X y/ur / y^y-ayp 

^S 00990^ X y9y9Tyyyt7 ^yyxf / ^a<s>-=» 

^s ao 99/3X SA'yy-7 / ^<£<oxp 
MT300 9-f/9 X (^^SAT/Zr 7 ^<£0/P 

/k/A 3 - 200/S3 ^<Sy9y / ^3iOyP 

9/3900 S y?xsyy37 7.^yoyp 
70S -93 2SO ^yyyyy? y ^<30 £P 

y/iA/S/3' OS cyyy/a^y 3 y^sao 
/e/00C/2(O 3330 3’^30£p 

-7=\3/Xc3/3-iSS i/xJ/Oxy S' yT309 

{^ /2/oa csa 'Sa^c 3 ^309/ 


J7S0O996ff S0 33X3 / ^30^ 


CS S5/22^ /x 73T//X<^ y7/A(J / y^TSaO 

//'9 77a S£?3o / /zsoyo 


\ 

\^Ax/ 3x3-yss y/A/z/fy/ 3 ^so yp 

/7/OOC^S sS330 3 ■^9<3£P 

9S730S /9/yX S^SyfZP 


Figure 


/y33^^/so^ yy/xyyy/yr^cxiyy/y>xi7 zp/y. 
Sc/y^^^yy /s' _ CyyC'X <7y3aS 

(^ y/333 Zp 0 *y/r y/a yS^y^s S'£S333C'X 
cay/ray/ CC3y303y^O^ Oyy^O 

(^9y^'9o Oy^^S s x’ax^y/y^-^a , c^o- 

(^c/ss y^'-SC X‘y03 . 7 y^Oy^CSS- 

33yy ■y-'ft.- /- <r. ss Cc-r9 /zaao y^SZiyo STr^^r 
^ Sy^/y ^ . :c rv. 3Xyyt, s<r-0y/0'y) 

(J A^3Syr£^ J/> - A/ Co 39 ZP3S A>lA\is j-z./ 

' — / 2' - , ~sTc-i^:r j 


37. Phase I Cryogenic Seal 
Tester 


51 






When further checkout tests also resulted in failures, subsequent investiga- 
tions indicated that the bearings ran in an unloaded position which created 
additional shaft deflections. A decision was then made to redesign the 
tester to incorporate a higher bearing preload and to replace the axial load 
piston with preload springs to ensure that a proper bearing axial load is 
maintained. In addition, it was decided to change the coupling design to a 
close-coupled quill shaft between tester and drive and to use a gas-driven 
turbine instead of an electric motor. 

PHASE I INTEGBIAL TURBINE 

Phase I testing continued with the redesigned tester at Wyle Laboratories in 
Norco, California. The basic tester configuration was identical to that 
used previously, except for the changes described above. The first and most 
important difference, was the fact that the drive system now utilized a gas 
turbine directly mounted to the system. This was done through the use of a 
series of adapters designed to pilot directly on the turbine and the 
tester. The pilots were developed so that precise alignment of the turbine 
and tester shafts could be easily accomplished. The two systems were con- 
nected by a short quill shaft, specially designed to transmit the required 
torque, but flexible enough to absorb any misalignment that might occur. A 
layout of the redesigned coupling assembly is shown in Fig. 39. 

The second modification to the seal tester involved replacement of the bear- 
ing axial load piston with preload springs. The springs were designed to 
give a minimum axial preload of 1334. A N (300 lb). A schematic of the bear- 
ing preload spring design is shown in Fig. 40. 

To prevent recurrence of the shaft deflection and critical speed problem 
experienced in the first series of tests, a critical speed analysis of the 
tester and drive system was conducted. For a tester bearing spring rate of 
1.75 X 10^ N/m (1 X 10^ Ib/in.) and a turbine bearing spring rate of 
3.5 X 10^ N/m (0.2 X 10^ Ib/in.) the first three critical speeds were 
calculated to be at 2155.8 rad/sec (20,589 rpm) , 2552 rad/sec (24,372 rpm) , 
and 7897 rad/sec (75,418 rpm), respectively. Deflection mode shapes also 
were calculated, indicating that the first critical speed is the only one 
which results in a deflection of the tester shaft. The test plan was 
altered so that run time at speeds in the vicinity of these critical speeds 
was held to a minimum. 

Tests also were conducted to determine the actual critical speeds and 
resulting deflections experienced during tester operation. Results of these 
tests showed that the tester shaft deflections at the helium seal mating 
ring were a maximum of 0.0001727 m (0.0068 in.) peak to peak at a critical 
speed of 1884.78 rad/sec (18,000 rpm) and 0.00009652 m (0.0038 in.) peak to 
peak at a critical speed of 3455.4 rad/sec (33,000 rpm). The tests also 
indicated that shaft deflections were acceptable at the planned operating 
speed of 3351 rad/sec (32,000 rpm). 
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Figure 39. Modified Tester Drive With Close-Coupled Turbine 



Figure 40. Tester Modification to Replace Bearing 
Axial Load Piston With Preload Springs 
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A precision alignment procedure also was adapted to prevent excessive shaft 
deflections in the tester. This procedure involved measuring the eccentric- 
ities of the tester, adapter, and turbine pilot diameters and matching them 
to produce the best radial alignment possible. This procedure was also 
utilized in every system assembly rebuild that followed. 

PHASE V MODIFICATION 

The seal tester Phase I design was used for test phases III and IV; however, 
a minor alteration to the test seal area was made during Phase V. Specific- 
ally, the tester was redesigned to accept a smaller segmented carbon helium 
seal, which required rework of the seal carrier. A schematic of the Phase V 
modification is shown in Fig. 41. No further alterations were made to the 
tester. 

DRIVE TURBINE 

During Phase I of the program, a gas driven turbine integral with the tester 
was substituted for an electrical motor as the drive system for testing. 

The turbine used was a Thompson Products air turbine driven fuel pump assem- 
bly, Model No. TT-70300-2, capable of running at 3351 rad/sec (32,000 rpm) 
for an air inlet pressure of 282.7 kPa (41 psi) and flowrate of 0.2497 kg/ 
sec (0.55 Ib/sec). The turbine provided enough torque to accelerate the 
tester up to the operating speed of 3351 rad/sec (32,000 rpm) in under 10 
seconds. The turbine is designed to use either compressed air or gaseous 
nitrogen as the working fluid, and both were used at various stages of test- 
ing to drive the turbine. The principal pumping element of the turbine is a 
0.05237 m (2.062 in.) outer diameter impeller. The working fluid flows into 
the turbine through the impeller and out a nozzle calibrated to produce the 
desired torque. An exploded view of the turbine assembly is shown in 
Fig. 42. 

Several modifications were performed on the turbine during the course of 
testing, mainly to increase its power output. The impeller was trimmed 
twice at various times to a final OD of 0.04826 m (1.90 in.). The nozzle 
size also was increased approximately 40% in the hopes of raising the tur- 
bine power output. Both of these modifications in no way affected the seal 
performance or test results. 

Assembly and disassembly of the turbine onto the tester was chiefly per- 
formed by Rocketdyne so that the alignment could be strictly controlled. 

Wyle Laboratory personnel did, on occasion, remove the turbine from the 
stand for minor modifications. 
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Figure 41. Phase V Tester Modification 
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Figure 42. Air Turbine Driven Fuel Pump Subassembly 



TEST FACILITY 


SANTA SUSANA FIELD LABOEIATORIES 

Phase I seal testing originally began at the Component Test Laboratory 1, 

Cell AB at the Santa Susana Field Laboratory in Chatsworth, California. 
Capabilities include 1.362 m^ (360 gallon), 13,790 kPa (2000 psi) pressur- 
ized liquid oxygen feed tank with 10.59 (2800 gallon) separate storage 

tank. The facility also contained gaseous nitrogen flow capability from 13 
m3 (460 ft3), 20,685 kPa (3000 psi) pressurized tank, and gaseous helium 
flow capability from 516 m^ (200 ft^) , 34,475 kPa (5000 psi) pressurized 
tank. Only nitrogen testing was performed at this facility. 

Gaseous nitrogen was supplied to the tester from the feed tank by a pump 
producing an overall 20,685 kPa (3000 psi) system. All gaseous nitrogen 
flow was directed to the primary seal cavity. Inlet pressure to the seals 
was regulated at start by a manually controlled mechanical valve. The maxi- 
mum pressure of 2758 kPa (400 psi) was achieved at start in under 10 sec- 
onds. The nitrogen supply temperature was ambient. 

The tester shaft speed was established by a 373,000 kW (500 hp) variable 
speed DC motor capable of 120.4 rad/sec (1150 rpm) . A gearbox ratio of 1:30 
was used to obtain tester speeds of 2931.8 to 3351 rad/sec (28,000 to 32,000 
rpm) . The coupling system consisted of a splined quill shaft specially 
designed to transmit the required torque. The tester bearings were cooled 
and lubricated with an oil-air mist centralized lubrication system providing 
lube oil at 344.7 kPa (50 psi). 

WYLE LABORATORIES 

The remainder of the test program (Phases I to V) were conducted at Wyle 
Laboratories in Norco, California. Capabilities Include a 7.5 m-^ (2000 
gallon) vacuum jacketed LOX storage tank with steady-state flow to 7.5 m / 
min (2000 gpm) , a 792.4 m^ (28,000 ft^) GN 2 storage tank with steady- 
state flows to 45.3 kg/sec (100 Ib/sec), a 378.4 m3 (10,000 gallon) vacuum 
jacketed LN 2 storage tank with steady-state flowrates of 6.8 kg/ sec (15 
Ib/sec). A schematic of the seal test setup is shown in Fig. 43. 

Liquid oxygen was supplied to the tester from a 0.946 m3 (250 gallon) tank 
by a Cosmodyne Model TC-21 pump through a 10 micron filter. The flow was 
split into bearing coolant flow and LOX seal flow. Flow to each of the two 
bearings was measured by calibrated orifices and controlled by motorized 
valves. LOX seal pressurization also was controlled by an upstream motor- 
ized valve. The liquid nitrogen feed system was set up in a similar fash- 
ion. Helium purge flow was supplied to the helium purge seal cavity direct- 
ly from a pressurized tank and regulated to provide 206.8 to 861.9 kPa (30 
to 125 psia) at the tester. Gaseous nitrogen for the seals was supplied 
directly from a pressurized tank through a 150 micron filter. 
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Figure 43. Wyle Laboratories Facility Schematic 



Compressed air and gaseous nitrogen for the tester drive turbine also were 
supplied from a pressurized tank through a 150 micron filter. Solenoid and 
motorized valves were used to control the GN 2 pressure to achieve the 
desired test speed or seal cavity pressure. Persistent overspeed problems 
caused by slow reacting turbine inlet line regulators finally resulted in 
replacement of a gate valve with a Powell No. 675 needle globe valve during 
Phase V of the program. This valve was found to be very helpful in control- 
ling turbine inlet pressure and resulting speed and was used for the dura- 
tion of the test program. The turbine inlet pressure was manually control- 
led so that proper acceleration required by the test plan could be obtained. 

Gaseous nitrogen purges were used both before and after each test to prevent 
moisture contamination of the tester. The purges were also activated 
between tests or whenever a significant delay resulted in LOX pump shut- 
down. Purge gas was supplied to the bearing cavity, LOX seal upstre^ and 
downstream cavities, and the helium seal upstream and downstream cavities. 

The test facility is shown in Fig. 44; the control panel and the strip 
charts used to record data are shown in Fig. 45. 
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TEST REQUIREMENTS 


TEST PROCEDURES 

Santa Susana Field Laboratories. CTL 1-4B 

The test program consisted of two parts: preliminary checkout testing and 
cryogenic temperature tests. During checkout testing one cryogenic test 
seal was exposed to ambient nitrogen gas at progressively higher pressures 
in 344.7 kPa (50 psi) increments from 1034 to 2758 kPa (150 to 400 psia). 

The test speed was also varied in 15.24 m/sec (50 ft/sec> increments ranging 
from 91.44 to 121.9 m/sec (300 to 400 ft/sec) at 1034 kPa (150 psia), 106.7 
to 137.1 m/sec (350 to 450 ft/sec) at 1379 kPa (200 psia), and 137.1 m/sec 
(450 ft/sec) at all pressures greater than that. Total test time for this 
phase was to be 10 starts for 150 minutes. Inspection of the seal hardware 
was to be conducted, as needed, if the test parameters indicated unusual 
operation. The helium seal was also tested by exposing it to helium at 
241.3 kPa (35 psia) for all test points. 

Cryogenic temperature testing consisted of exposing one cryogenic seal to 
liquid oxygen at four pressures ranging from 344.7 to 2758 kPa (50 to 400 
psia). The speeds for these tests were 60.9 m/sec (200 ft/sec), at 344.7 
kPa (50 psia), 91.44 m/sec (300 ft/sec) at 689.5 kPa (100 psia), 121.9 m/sec 
(400 ft/sec) at 1379 kPa (200 psia), and 137.1 m/sec (450 ft/sec) at 2758 
kPa (400 psia) seal innlet pressure. A total of 5 hours accumulated test 
time was to be performed for each pressure/speed increment. The total test 
time for the seal was 20 hours. The helium seal was exposed to helium at 
344.7 kPa (50 psia) for all the test points. 

Inspection of the seals was scheduled for all new hardware and as-required 
based upon the test parameters. Posttest inspection following any replace- 
ment of seal hardware was also performed. 

Wvle Laboratories 

Testing at Wyle Laboratories consisted of gaseous nitrogen checkout testing 
and cryogenic temperature testing for all five phases of the program. Hel- 
ium seal testing was also conducted at the same time as the other tests. 

Phase I testing consisted of four checkout tests of 15 minutes each (1 hour 
total) with ambient temperature GN 2 as the sealed fluid, and four cryo- 
genic temperature tests of varying duration for a total of 20 test hours. 

The GN 2 checkout tests were performed by exposing one cryogenic seal to 
gaseous nitrogen at progressively higher pressures in 344.7 kPa (50 psia) 
increments ranging from 1034 to 2413.25 kPa (150 to 350 psia). The shaft 
speed was set at 3351 rad/sec (32,000 rpm) . The circumferential seal was 
simultaneously exposed to gaseous helium at 241.3 kPa (35 psia) for all test 
points. Seal inspection was conducted when the test parameters indicated 
unusual seal operation and at the end of the test series. 

Phase I cryogenic testing consisted of exposing one cryogenic seal to liquid 
oxygen at four pressures: 1034 kPa (150 psia), 1723.7 kPa (250 psia). 
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2413.25 kPa (350 psia) and 2758 kPa (400 psia). The shaft speed was again 
fixed at 3351 rad/sec (32,000 rpm) . Total accumulated test time for Phase I 
testing was 21 hours. Inspection of the seals was scheduled for all new 
hardware and at the completion of 5, 10, 11, 15, and 20 hours accumulated 
test time, respectively. 

Phase II testing was eliminated due to insufficient funding. 

Phase III testing consisted of 150 acceleration tests of 6 minutes each (15 
hours total) with LO 2 as the sealed fluid. The type of testing and test 
parameters were identical to those of Phase I cryogenic testing, except that 
the LOX seal inlet pressure was increased from 206 kPa to 2758 kPa (30 to 
400 psia) during the first 10 seconds and helium was pressure set at 
344.75 kPa (50 psia). Seal inspection was conducted every 5 hours accumu- 
lated test time. 

Phase IV testing consisted of four checkout tests of 15 minutes each (1 hour 
total) with liquid oxygen as the sealed fluid and 100 acceleration tests of 
6 minutes each (10 hours total) with liquid oxygen as the sealed fluid. The 
total accumulated test time for Phase IV testing was 11 hours. 

Phase IV checkout testing involved exposing one cryogenic seal to liquid 
oxygen at the following pressures: 1034, 1723.7, 2413.2, 2758 kPa (150, 

250, 350 and 400 psia). The circumferential seal was simultaneously sub- 
jected to gaseous helium at 344.7 kPa (50 psia) for the first two tests and 

689.5 kPa (100 psia) for the last two. The shaft speed for all tests was 
3351 rad/sec (32,000 rpm). Seal inspection was scheduled for the end of the 
test series, or when the test parameters indicated unusual seal operation. 

Phase IV acceleration testing consisted of exposing the cryogenic LOX face 
seal to liquid oxygen while simultaneously flowing gaseous helium through 
the circumferential shaft seal. The test runs were made with shaft acceler- 
ations of 0 to 3351 rad/sec (0 to 32,000 rpm) In 10 seconds or less and sim- 
ultaneous LOX pressure rises of 0 to 2758 kPa (0 to 400 psia) . The helium 
purge pressure was 344.7 kPa (50 psia). The tests were repeated to accumu- 
late 100 starts. Inspection was scheduled for when the test parameters 
indicated unusual seal operation, on all new hardware, or the completion of 
testing. 

Phase V testing consisted of eight preliminary checkout tests of 15 minutes 
each (2 hours total) using liquid nitrogen for the LOX seal and gaseous hel- 
ium for the circumferential shaft seal, eight preliminary checkout tests of 
15 minutes each (2 hours total) using LOX for the cryogenic seal and helium 
for the shaft seal, and 100 cryogenic acceleration tests of 6 minutes each 
(10 hours total) using LOX and helium as the sealed fluid. Total accumu- 
lated test time for Phase V testing was to be 14 hours. Phase V liquid 
nitrogen preliminary checkout tests involved exposing one cryogenic LOX seal 
to liquid nitrogen at pressures of 1034, 1723.7, 2413.2, 2758, 3102.7, and 

3447.5 kPa (150, 250, 350, 400, 450, and 500 psia). The circumferential 
seal was simultaneously exposed to gaseous helium at pressures of 344.7, 
689.5, 861.87 kPa (50, 100, and 125 psia). Prior to the start of each test 
the LOX seal and helium seal inlet pressures were increased to approximately 
344.7 kPa (50 psia). After those pressures were reached, the shaft was 
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accelerated to 3141.3 rad/sec (30,000 rpm) in 10 seconds or less with a sim- 
ultaneous LOX seal pressure increase to the specific value. The helium seal 
pressure was increased to the specified value after the tester was brought 
up to speed. Inspection was scheduled for all new hardware and at the com- 
pletion of the test series. Liquid oxygen preliminary checkout testing fol- 
lowed the same procedure as the nitrogen tests, except that liquid oxygen 
was used as the sealed fluid instead of liquid nitrogen. 

Phase V cryogenic acceleration testing consisted of exposing one LOX seal to 
liquid oxygen and one circumferential seal to gaseous helium for 100 
6-minute tests. The test runs were made with shaft accelerations of 0 to 
3141.3 rad/sec (0 to 30,000 rpm) in 10 seconds or less with a simultaneous 
LOX seal pressure rise of 206.8 to 3447.5 kPa (30 to 500 psia). The helium 
seal purge pressure was increased to 861.87 kPa (125 psia) prior to start of 
the test. Seal inspections were scheduled for all new hardware and after 5 
and 10 hours of accumulated test time. 

Pretest procedures involved strenuous inspection of the seal hardware and 
test facility. First, the static cryogenic seal leakage and tester turning 
torque were measured at each test pressure increment with the helium seal 
purge pressure vented. The helium circumferential seal leakages and tester 
turning torque were then measured at each test pressure with the LOX seal 
pressure vented. The cryogenic and circumferential seal dam height and 
recess pad depth were measured as were the diameters of the mating rings. 

In addition, cryogenic seal surface profile traces and optical flatness 
readings were obtained for the seal mating ring and nose piece. 

In addition to the inspections listed above, three facility drive checkout 
tests were conducted to measure shaft deflections and critical speeds. Two 
Bently transducers were installed into the tester in place of the helium 
seal. Both the LOX seal and the outboard slave seal were also left out for 
these tests. Three, lO-minute tests, at 3351 rad/sec (32,000 rpm), were 
performed. Data were recorded on high frequency magnetic tape and analyzed 
to ensure that shaft deflections were within the operating limits. Correc- 
tions to the setup were made, as necessary. 

Posttest procedures involved a rigorous inspection of the seal hardware sim- 
ilar to that performed during pretest operations. In addition, to those 
measurements, a careful visual examination of each seal was performed. 
Photographs of normal, as as well as unusual, posttest conditions were 
taken, as required. Light band flatness of the seal mating rings and nose 
piece were omitted when the surface finish quality prevented this type of 
inspection. 

INSTRUMENTATION 

The instrumentation requirements, including redlines, are listed in 
Table 3. Location of the instrumentation taps on the tester is shown in 
Fig. 46. 

Data were recorded continuously on direct inking graphic recorder charts and 
high speed Visicorder. 
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TABLE 3. INSTRUMENTATION REQUIREMENTS NASA SEAL TESTER 


JOB NO. 




DATE 

NEXT TEST: 
DURATION: 

CODE 

PARAMETER 

RANGE 

NOMINAL 

REDLINE 

Q9I 

CIRCUMFERENTIAL SEAL PURGE FLOW 
ORIFICE &P (0.075) 

0-137.9 kPa 
(0-20 PSIO) 

- 

-- 


LOX PUMP DISCHARGE 

0-6695 kPa 
(0-1000 PSIG) 

-- 

- 


LOX BEARING CAVITY PRESURE 

0-1379 kPa 
(0-200 PSIG) 

344.7 t103 
(50 t15) 

1034 MAX^^ 
(150 MAX.^*) 

*, ***P4 

LOX SEAL UPSTREAM PRESSURE 

0-6895 kPa 
(0-1000 PSIG) 

" 

3447 MAX^^ 
(500 MAX.^^) 

***pg 

LOX SEAL DOWNSTREAM PRESSURE 

0-6895 kPa 
(0-1000 PSIG) 

" 

669 MAX*^ 
(100 MAX.^*) 

“‘P6/T5 

LOX SEAL LEAKAGE ORIFICE 
PRESSURE tP 

0-1379 kPa 
(0-20 PSID) 

-- 

- ■ 

?7 

CIRCUMFERENTIAL SEAL PURGE FLOW 
NOZZLE UPSTREAM PRESSURE (0.075) 

0-1379 kPa 
(0-200 PSIG) 

-- 

- 

•Pe 

CIRCUMFERENTIAL SEAL PURGE INLET 
PRESS 

0-1379 kPa 
(0-200 PSIG) 

344.7 tS6 
(50 ±5) 

- 

“‘P9/T7 

CIRCUMFERENTIAL SEAL DRAIN 
LEAKAGE ORIFICE PRESSURE tP 

0-137.9 kPa 
(0-20 PSIO) 

-- 

-- 

PlO 

LOX BEARING CAVITY FLOW tP 
(0.411) 

0-344.7 kPa 
(0-50 PSID) 

48 kPa (0.028 m 3/H1N) 
137.9 kPa (0.0473 mVmIN) 
(7 PSID (7.S GPM)) 

(20 PSIG (12.5 GPM)) 

20.68 kPa (0.0189 M^/MIN) 
3 PSIO (5 GPM) 

Pii 

TURBINE INLET PRESSURE 

689 kPa 
(0-100 PSIG) 

- 

517 kPa 
(75) 

*Pl2 

TURBINE SIDE DRAIN CAVITY 

344.7 kPa 

(0-50 PSIG) 

- 

" 

TENPERATURES 





Tl 

LOX BEARING CAVITY INLET 
TEMPERATURE 

-8.1 MV/0 
82 K/338K 
t-312/*150) 

-99.9 K MAX 
(-280 F MAX) 

116 K MAX 
(-250 F MAX) 

T2 

LOX BEARING CAVITY OUTLET 
TEMPERATURE 

-8.1 HV/0 
82 K/33B X 
(-312/4150) 


SUDDEN INCREASE 

*T3 

LOX SEAL UPSTREAM TEMPERATURE 

-8.1 MV/0 
82 K/338 K 

- 

-- 

•T4 

LOX SEAL DOWNSTREAM TEMPERATURE 

-8.1 MV/0 
62 K/338 K 
(-312/4150) 

-- 

- 


LOX SEAL LEAKAGE ORIFICE 
UPSTREAM TEMPERATURE AT ORIFICE 

-8 MV/0 
88 K/338 K 
(-300/4150 K) 


-- 

***T6 

CIRCUMFERENTIAL SEAL PURGE ORIFICE 
UPSTREAM TEMPERATURE AT ORIFICE 

0/-3MV 
263 K/338 K 
(450/4150) 

-- 

— 

***T7 

CIRCUMFERENTIAL SEAL DRAIN 
LEAKAGE ORIFICE UPSTREAM 
TEMPERATURE AT ORIFICE 

0/-3MV 
283 K/338 K 
(450/4150) 

— 

— 

**i 

TESTER ACCEL (800 CPS LOW PASS 
FILTER) 

0-20G P-P 

— 

206 P-P^^ 

•Sl 

SPEED 

0-4188.4 RAD/SEC 
(0-40 K RPM) 

3141.3/t52.3 RAD/SEC 
(3000 tSOO) 

3351 RAO/SEC MAX 
2617.7 RAO/SEC MIN 
(32 K MAX*^) 

(25 K MIN^^) 


VISICOROER CHANNELS 




CHANNEL 1624 

3 5 7 

8 9 



MARKER 1 11 3 7 

5 9 13 

15 17 



PARAMETER A^ S^ P^ Pg Pj 




•RECORDED ON VISICOROER 
••AUTOHATIC CUTOFF 
•••RECORDED ON BRUSH RECORDER 
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CIRCUMFERENTIAL 
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Figure 46. Instrumentation Location 



The seal leakage rate during cryogenic testing was measured by utilizing a 
heat exchanger on the seal drainline to convert the leakage fluid to a gas 
at approximately ambient temperature. The gas leakage then could be meas- 
ured using a gas flowmeter. The other parameters were measured using con- 
ventional instrumentation, i.e., calibrated transducers and thermocouples. 
System vibration was monitored by accelerometers positioned directly above 
the bearings. 

TEST PLAN 

Phase I Test Schedule I: Preliminary GN2 Checkout Testing 


Preliminary checkout tests were conducted on one cryogenic seal and one cir- 
cumferential seal at ambient temperature with gaseous nitrogen and helium. 
Test points, conditions, and inspection points per seal are as follows: 


TEST 

POINT 

SPEED 

RAD/SEC (RPH) 

CRYOGENIC SEAL 
GASEOUS NITROGEN 
PRESSURE, kPa (PSIA) 

CIRCUMFERENTIAL 
SEAL HELIUM 
PURGE PRESSURE, 
kPa (PSIA) 

DURATION, 

MINUTES 

1 

3351 (32,000) 

1034 (150) 

241.3 (35) 

15 

2 

3351 (32,000) 

1379 (200) 

241.3 (35) 

15 

3 

3351 (32,000) 

2068.5 (300) 

241.3 (35) 

15 

4 

3351 (32,000) 

2413.2 (350) 

241.3 (35) 

15 

Inspect seals 





Phase I Test Schedule II i Cryogenic Temperature Testing 


Cryogenic temperature tests were conducted on one set of seals using LOX as 
the sealed fluid for the cryogenic seal and gaseous helium as the purge 
fluid for the circumferential seal at the following conditions: 


TEST 

POINT 

SPEED 

RAD/SEC (RPM) 

CRYOGENIC SEAL 
LIQUID OXYGEN 
PRESSURE, kPa 
(PSIA) 

CIRCUMFERENTIAL 
SEAL HELIUM 
PURGE PRESSURE, 
kPa (PSIA) 

ACCUMULATED 
TIME, HOURS 

1 

Inspect Seals 

3351 (32,000) 

1034 (150) 

241.3 (35) 

5 

2 

Inspect Seals 

3351 (32,000) 

1034 (150) 

241.3 (35) 

5 

3 

3351 (32,000) 

1723.7 (250) 

344.7 (50) 

0.5 

4 

3351 (32,000) 

2068.5 (300) 

344.7 (50) 

0.25 

5 

Inspect Seals 

3351 (32,000) 

2413.2 (350) 

344.7 (50) 

0.25 

6 

Inspect Seals 

3351 (32,000) 

2758 (400) 

344.7 (50) 

4 

7 

Inspect Seals 

3351 (32,000) 

2758 (400) 

344.7 (50) 

5 
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Phase III Test Schedule I; CryoKenic Acceleration Testing 


Cryogenic acceleration tests were conducted on the selected seals using 
liquid oxygen as the sealed fluid for the LOX face seal and gaseous helium 
as the purge fluid for the circumferential shaft seal. The test runs were 
made with shaft accelerations of 0 to 3351 rad/sec (0 to 32,000 rpm) in 10 
seconds or less and simultaneous LOX pressure rises of 206.8 to 2758 kPa (30 
to 400 psia). The tests were performed at the following conditions: 


TEST POINT 
NUMBER 

SHAH SPEED 
RAD/SEC (RPM) 

LOX SEAL 
PRESSURE, 
kPa (PSIG) 

HELIUM SEAL 
PRESSURE, 
kPa (PSIG) 

DURATION, 

MINUTES 

1-50 

3351 (0-32,000) 

206.8-2758 (30-400) 

344.7 (50) 

6 

Inspect 
(5 Hours) 

3351 (0-32,000) 

206.8-2758 (30-400) 

344.7 (50) 

6 

51-100 

3351 (0-32,000) 

206.8-2758 (30-400) 

344.7 (50) 

6 

Inspect 
(10 Hours) 

3351 (0-32,000) 

206.8-2758 (30-400) 

344.7 (50) 

6 

101-150 

3351 (0-32,000) 

206.8-2758 (30-400) 

344.7 (50) 

6 

Inspect 
(15 Hours) 

3351 (0-32,000) 

206.8-2758 (30-400) 

344.7 (50) 

6 


Phase IV Test Schedule Ii Preliminary Liquid Oxygen 
Checkout Testing 


A preliminary checkout test was conducted of each LOX face seal design using 
liquid oxygen for the LOX seals and gaseous helium for the circumferential 
shaft seal. Test points and conditions were as follows. 


TEST POINT 
NO. 

SHAFT SPEED 
RAD/SEC (RPM) 

CRYOGENIC SEAL 
PRESSURE 
kPa, (PSIA) 

CIRCUMFERENTIAL 
SEAL PRESSURE, 
kPa (PSIA) 

DURATION, 

MINUTES 

1 

3351 (32,000) 

1034 (150) 

344.7 (50) 

15 

2 

3351 (32,000) 

1723 (250) 

344.7 (50) 

15 

3. 

3351 (32,000) 

2413.2 (350) 

689.5 (100) 

15 

4. 

3351 (32,000) 

2758 (400) 

689.5 (100) 

15 

Inspect Seals 






Each test point was to be run for a maximum of 15 minutes to establish 
equilibrium and to obtain a meaningful leakage rate measurement. 

Phase IV Test Schedule II i Cryogenic Acceleration Testing 

Cryogenic acceleration test runs were conducted on the two LOX face seal 
designs using liquid oxygen as the sealed fluid for the LOX face seal and 
gaseous helium as the purge fluid for the circumferential shaft seal. The 
test runs were made with shaft accelerations of 0 to 3351 rad/sec (0 to 
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32,000 rpm) in 10 seconds or less and simultaneous LOX pressure rises, 0 to 
2758 kPa (0 to 400 psia) . The helium purge pressure was 344.7 kPa (50 
psia). Test duration at each test point number was 6 minutes at maximum 
shaft rpms and pressures. 



CRYOGENIC 

CIRCUMFERENTIAL 


SHAFT SPEED, 

PRESSURE, 

SEAL PRESSURE, 

DURATION, 

RAO/SEC (RPM) 

kPg, (PSIA) 

kPg, (PSIA) 

MINUTES 

0-3351 

0-2758 

344.7 

6 

(0-32,000) 

(0-400) 

(50) 



The above test conditions were to be repeated to accumulate 100 starts and a 
total test time of 10 hours at maximum rpm and pressure. Seal inspection 
was scheduled at the completion of the test series. 

Phase V Test Schedule I; Liquid Nitrogen Preliminary Checkout 

Preliminary checkout tests were conducted on one helium seal using liquid 
nitrogen for the LOX seal and gaseous helium for the helium seal. Prior to 
start of each test, the LOX seal and helium seal pressures were increased to 
344.7 +68.9 kPg (50 +10 psia). The shaft was then accelerated to 3141.5 
+52.3 (30,000 +500 rpm) in 10 seconds or less with simultaneous LOX seal 
pressure increase to the specified value after the tester was up to speed. 
Test points and conditions were as follows. 


TEST POINT 
NO. 

SHAFT SPEED 
RAD/SEC (RPM) 

CRYOGENIC SEAL 
PRESSURE 
kPa, (PSIA) 

CIRCUMFERENTIAL 
SEAL PRESSURE, 
kPa (PSIA) 

DURATION, 

MINUTES 

1 

3141 .5 ±52.3 
(30,000 ±500) 

1034 ±103.4 
(150 ±15) 

344.7 ±34.4 
(50 ±5) 

15 

2 

3141.5 ±52.3 
(30,000 ±500) 

1723 ±103.4 
(250 ±15) 

344.7 ±34.4 
(50 ±5) 

15 

3 

3141 .5 ±52.3 
(30,000 ±500) 

2413.2 ±103.4 
(350 ±15) 

689.5 ±34.4 
(100 ±5) 

15 

4 

3141.5 ±52.3 
(30,000 ±500) 

2758 ±103.4 
(400 ±15) 

689.5 ±34.4 
(100 ±5) 

15 

5 

3141.5 ±52.3 
(30.000 ±500) 

3102.5 ±103.4 
(450 ±15) 

689.5 ±34.4 
(100 ±5) 

15 

6 

3141.5 ±52.3 
(30.000 ±500) 

3447.5 ±103.4 
(500 ±15) 

861 .8 ±34.4 
(125 ±5) 

15 

7 

3141.5 ±52.3 
(30,000 ±500) 

3447.5 ±103.4 
(500 ±15) 

861.8 ±34.4 
(125 ±5) 

15 

8 

Inspect Seals 

3141.5 ±52.3 
(30,000 ±500) 

3447.5 ±103.4 
(500 ±15) 

861.8 ±34.4 
(125 ±5) 

15 
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Phase V Test Schedule II; Liquid Oxygen Preliminary Checkout 


The checkout test series was repeated, using liquid oxygen for the LOX 
seal. At completion of the test series, a seal inspection was conducted. 

Phase V Test Schedule III; Cryogenic Acceleration Testing 

Cryogenic acceleration test runs were conducted on one LOX seal and one hel- 
ium seal using liquid oxygen for the LOX seal and gaseous helium for the 
helium seal. The test runs were made with shaft accelerations of 0 to 
3141.3 rad/sec (0 to 30,000 rpm) in 10 seconds or less with simultaneous LOX 
seal pressure rise from 344.7 to 3447 kPa (50 to 500 psia). The helium seal 
purge pressure was increased to the specified value prior to start. A total 
of 100 starts and 10 hours was to be performed at the following conditions. 


SHAFT SPEED, 
RAD/SEC (RPM) 

CRYOGENIC 
PRESSURE, 
kPg, (PSIA) 

CIRCUMFERENTIAL 
SEAL PRESSURE, 
kPg, (PSIA) 

DURATION, 

MINUTES 

0 to 3141.3 
(0 to 30,000) 

344.7 to 3447 
(50 to 500) 

861.8 

(125) 

6 


The seals were to be inspected at 5 hours and at completion of 10 hours. 



RESULTS AND DISCUSSION 


TEST SUMMARY 

The test sunmiary is given in Table 4. 

HARDWARE AND INSPECTION SUMMARY 

The LOX seal hardware and inspection sununary is given in Appendix A. 

The helium seal hardware and inspection summary is given in Appendix B. 

TEST DATA SUMMARY 

The test data summary is given in Appendix C. 

PHASE I GASEOUS NITROGEN CHECKOUT TEST 
Build 1 Assembly 

The tester was assembled with a new Rayleigh Step Carbon P03N face type seal 
using a carbon P5NR2 secondary piston ring and a chrome plated K-Monel mating 
ring. The spring load was 102.3 N (23 lb) compressing and 88.9 N (20 lb) 
releasing with 18 springs installed. 

A new three-segment Rayleigh Step carbon G84 helium seal was installed. The 
recess pads varied from the print requirement of 0.00127 to 0.00203 cm (0.0005 
to 0.0008 in.) to 0.0000 to 0.00254 cm (0.0000 to 0.0010 in). The pad land 
height was irregular and tapered below the sealing dam surface by as much as 
0.00381 cm (0.0015 in.) The discrepant segments were used to initiate the 
test program, while the other segments were being reworked to print 
requirements . 

Test 001 (CTLl-4Br 1973 ) 

The test was run for the scheduled duration of 15 minutes at 20,000 rpm, 1034 
kPa (150 psia) LOX seal pressure and 345 kPa (50 psia) helium seal pres- 
sure.' The tester operation and seal performance appeared satisfactory during 
the test. The measured seal operating leakage rates were on the low side of 
the expected range. However, the posttest seal static leakage check indicated 
excessive leakage. 

Build 1 Disassembly 

Seal inspection revealed that both seals had rubbed during the test. The LOX 
seal recess pads were worn away and the seal face had worn 0.025 cm (0.010 
in.). The chrome surface on the LOX seal mating ring was scored and worn. 

The helium seal wear was negligible. The helium seal mating ring had a very 
slight wear pattern and heat discoloration. 
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TABLE 4. CRYOGENIC SELF-ACTING SHAFT SEAL TEST SUMMARY 


BUILD 

NO. 

TESTS 

NO. 


TIME 

MINUTES 



SEAL HARDWARE 


STARTS 

TEST 

OBJECTIVE 

LOX SEAL 

HELIUM SEAL 

REMARKS 

1 

001 

1 

15 

PHASE I 
NITROGEN 

GASEOUS 

CHECKOUT 

NEW RAYLEIGH STEP CARBON 
P03N. P/N CE851218, 

S/N 01 

NEW 3 SEGMENT RAYLEIGH 
STEP CARBON G84, 

P/N CB851250» S/N A3/A5 

INSPECTION DUE TO EXCESSIVE POSTTEST STATIC LEAKAGE. LOX SEAL LIFT PADS 
WORN AND MATING RING SCORED. H. SEAL RUBBED. TESTER ROTATED WRONG 
DIRECTION. 

2 

002-003 

2 

5.9 



NEW RAYLEIGH STEP CARBON 
P03N, P/N CF851218. 

S/N 02 

NEW 3 SEGMENT RAYLEIGH 
STEP CARBON G84, 

P/N CBB51250, S/N A1/A7 

INSPECTION DUE TO EXCESSIVE POSTTEST STATIC LEAKAGE. LOX SEAL SCORED 
AT OUTER EDGE DUE TO CHIPPING. Hj SEAL CARBON SEGMENTS BROKEN. 

3 

004 

1 

15 



SAME AS BUILD 2 RELAPPED 
CARBON 

NEW SEGMENTS CARBON G84, 
P/N CB851250. S/N A4/A6 

SCHEDULED INSPECTION. LOX SEAL CARBON FACE WORN. He SEAL SEGMENTS BROKEN. 
SUSPECT FAILURE CAUSED BY EXCESSIVE TESTER SHAFT DEFLECTION. 

4 

005-007 

3 

1.8 

TESTER SHAFT DEFECTION 
MEASUREMENT 

SAME AS BUILD 2 RELAPPED 

NOT INSTALLED 

TESTER BEARING FAILED DUE TO HIGH ROTATING RADIAL LOAD. LOX SEAL RECESS 
PADS WORN OFF. 

5 

008 

1 

0.03 



SAME AS BUILD 2 REUPPED 

NOT INSTALLED 

TESTER BEARING FAILED DUE TO HIGH ROTATING RADIAL LOAD. LOX SEAL DAMAGED 
FROM RUBBING. 

6 

001-002 

2 

1.6 



NOT INSTALLED 

NOT INSTALLED 

START TRANSIENT TESTING WITH REWORKED TESTER MOUNT AND ALIGNMENT. SHAFT 
DEFLECTION AND VIBRATION SATISFACTORY. 

7 

003 

1 

0.4 

PHASE I 
NITROGEN 

GASEOUS 

CHECKOUT 

NEW RAYLEIGH STEP CARBON 
P03N, P/N CF851218. 

S/N 03 

NEW 3 SEGMENT CARBON G84 
RAYLEIGH STEP. 

P/N CB851250. S/N A8/A2 

INSPECTION DUE TO VIBRATION INCREASE. Hg SEAL CARBON SEGMENTS BROKEN. 

LOX SEAL IN GOOD CONDITION. TESTING MOVED FROM ROCKETOYNE CTL 1-4B TO 
WYLE LABORATORIES TO ALLOW CLOSE COUPLED TURBINE DRIVE SYSTEM FOR REDUCED 
SHAFT DEFLECTION. 

8 

076-103 

28 

18.8 



SAME SEAL AS BUILD 7. 
RELAPPED. MATING RING 
REPLATED 

NEW 6 SEGMENT CARBON P5N 

RAYLEIGH STEP 

P/N C8120673. S/N B5/B10 

INSPECTION DUE TO SPEED CONTROL PROBLEM, LOX SEAL IN GOOD CONDITION. H„ 
SEAL WORN UNEVEN. DRIVE TURBINE GAS CHANGED FROM AIR TO GASEOUS NITROGEN 
TO ELIMINATE ICING. 

9 

104-132 

29 

85.8 



SAME AS BUILD B 

SAME AS BUILD 8 

COMPLETED PHASE I GASEOUS NITROGEN CHECKOUT TESTING. LOX SEAL IN GOOD 
CONDITION WITH NO WEAR . HELIUM SEAL HORN UNEVEN DUE TO MATING RING 
DISTORTION. 

10 

133-139 

7 

10.4 

PHASE I 
OXYGEN T 

LIQUID 

ESTING 

SAME AS BUILD 9 

SAME HOUSING. NEW SEGMENTS 
B-l/B-7. THIN WEBB MATING 
RING 

INSPECTION DUE TO EXCESSIVE LOX SEAL LEAKAGE. LOX SEAL IN GOOD CONDITION. 
HELIUM SEAL WORN UNEVEN. 

11 

140-152 

13 

148.1 



SAME AS BUILD 10. 
RELAPPED. INCREASED 
SPRING LOAD 

NEW HOUSING. SAME LOX 
SEGMENTS AS BUILD 10. 
TURB SEGMENT B-5. 

NEW MATING RING 

COMPLETED SCHEDULED 2.5 HOURS TESTING. SEAL PERFORMANCE SATISFACTORY. 
LOX SEAL IN GOOD CONDITION WITH NO HEAR. HELIUM SEAL WORN UNEVEN. 

12 

153-159 

9 

158.2 



SAME AS BUILD 11 . 

SAME HOUSING. NEW SEGMENTS 
B-3/8-9. MATING RING 
REPLATED 

INSPECTION DUE TO INDICATION OF LEAKAGE AND ICING OF THE SEALS. LOX SEAL 
IN GOOD CONDITION. HELIUM SEAL WORN UNEVEN. 

13 

160-161 

2 

120 



SAME AS BUILD 12 

SAME SEAL AS BUILD 12. 
HATING RING FROM BUILD 11 

COMPLETED SCHEDULED 5 HOURS TESTING. SEAL PERFORMANCE SATISFACTORY. LOX 
SEAL IN GOOD CONDITION EXCEPT CARBON DAM WORN. HELIUM SEAL CONDITION SAME 
AS BUILD 12. 

14 

162-176 

15 

62.3 



NEW RAYLEIGH STEP URBON 
P03N, P/N CF851218 S/N 05. 
NEW HATING RING S/N 01. 
INCREASED SPRING LOAD 

SAME AS BUILD 13 

TESTER BEARING FAILURE. LOX SEAL IN GOOD CONDITION EXCEPT CARBON DAM WORN. 
HELIUM SEAL CONDITION SAME AS BUILD 13, • 

15 

177-222 

46 

211.3 



REWORKED SEAL RING 
S/N 01. NEW HATING RING 
S/N 04 

SAME AS BUILD 14 

FIRE IN SEAL AREA. SEALS, TESTER AND FACILITY EXTENSIVELY DAMAGED. POSSI- 
BLE SOURCES OF IGNITION INCLUDE CONTAMINATION AND RUBBING AT LOX SEAL. THE 
TESTER AND FACILITY WERE REPAIRED FOR CONTINUED TESTING. 

16 

223-232 

10 

28.5 



NEW PHASE III RAYLEIGH 
STEP CARBON P692. 

P/N CF851218-1 S/N 01. 
VESPEL PISTON RING 

NEW PHASE III FLOATING RING 
CARBON G84. P/N 99 
RS006215. S/N 02/02. 

NEW INCO 903 Z MATING RING 

HELIUM SEAL LOX SIDE RING SEIZED AND RUBBED GROOVE IN MATING RING. LOX SEAL 
IN GOOD CONDITION WITH NO WEAR. 














TABLE 4 


(Continued) 


TESTS 

NO. 

STARTS 

233-239 

7 

240-259 

20 

260-271 

12 

272-295 

24 

296-347 

52 

348-417 

70 

418-490 

73 

1-10 

10 

11-77 

67 

78-133 

56 

134-142 

9 

143-145 

3 

146-169 

24 



TEST OBJECTIVE 


PHASE I LIQUID 
OXYGEN TESTING 


PHASE III LIQUID 
OXYGEN ACCELERATION 


PHASE IV RAYLEIGH 
STEP LIQUID OXYGEN 
CHECKOUT 


PHASE IV RAYLEIGH 
STEP LIQUID OXYGEN 
ACCELERATION TESTING 


' PHASE IV MOD I SPIRAL 
GROOVE LIQUID OXYGEN 
CHECKOUT 


GROOVE LIQUID OXYGEN 
CHECKOUT 


SEAL HARDWARE 

■ 

LOX SEAL 

HELIUM SEAL 

REMARKS 

SAME AS BUILD 16 

NEW PHASE III FLOATING RING 
CARBON 684. P/N 99 
RS006215, S/N 03/03. 
INCREASED CLEARANCE. NEW 
INCO 903 Z MATING RING 

SCHEDULED INSPECTION. LOX AND HELIUM SEALS IN GOOD CONDITION WITH NO WEAR. 
SEAL PERFORMANCE SATISFACTORY. 

SAME AS BUILD 17 

SAME AS BUILD 17 

INSPECTION DUE TO HIGH VIBRATION. TESTER BEARING FAILED. LOX SEAL IN GOOD 
CONDITION WITH NO WEAR. HELIUM SEAL IN GOOD CONDITION WITH SLIGHT WEAR. 
SEAL PERFORMANCE SATISFACTORY. 

SAME AS BUILD 18 

SAME AS BUILD 18 EXCEPT 
MATING RING REFLATED 

INSPECTION DUE TO HIGH VIBRATION. TESTER BEARING FAILED. SEALS IN GOOD 
CONDITION WITH NO SIGNIFICANT WEAR. SEAL PERFORMANCE SATISFACTORY. 

SAME AS BUILD 19 

SAME AS BUILD 19 EXCEPT 
MATING RING BURNISHED TO 
CLEAN 

COMPLETED PHASE I TESTING. TOTAL TIME 10 HOURS ON LOX SEAL AND 9.6 HOURS 
ON HELIUM SEAL. SEALS IN GOOD CONDITION WITH NO SIGNIFICANT WEAR. SEAL 
PERFORMANCE SATISFACTORY. 

NEW PHASE III RAYLEIGH 
STEP CARBON P692, 
CF851218-1. S/N 02 

NEW PHASE III FLOATING RING 
CARBON G84. P/N 99 
RS006215, S/N 01/01. NEW 
INCO 903 Z HATING RING 

INSPECTION DUE TO HIGH VIBRATION. HELIUM SEAL LOX SIDE RING SEIZED AND 
WORE GROOVE IN MATING RING. TURBINE SlOE RING RUBBED. LOX SEAL IN GOOD 
CONDITION. 

SAME AS BUILD 21 

NEW PHASE III FLOATING RING 
CARBON G84. P/N 99 
RS006215, S/N 04/04. 

NEW INCO 903 Z MATING RING. 
INCREASED CLEARANCE 

SCHEDULED INSPECTION. SEALS IN GOOD CONDITION WITH NO SIGNIFICANT WEAR. 
SEAL PERFORMANCE SATISFACTORY. 

SAME AS BUILD 22. 
CARBON LAPPED 

SAME AS BUILD 22. MATING 
RING CLEANED 

COMPLETED PHASE III TESTING. TOTAL TIME 15.28 HOURS ON LOX SEAL AND 
11.34 HOURS ON HELIUM SEAL. SEAL PERFORMANCE SATISFACTORY. LOX SEAL IN 
SATISFACTORY CONDITION WITH SLIGHT WEAR SPOTS. HELIUM SEAL IN GOOD 
CONDITION WITH NO SIGNIFICANT WEAR. 

NEU PHASE IV RAYLEIGH 
STEP CARBON P692, 

P/N 5636-8, S/N 04. 

NEW MATING RING S/N 02 ' 

NEW PHASE IV 6 SEGMENT 
CARBON G84 RAYLEIGH STEP 
P/N 201001, S/N a/cii. 

NEW INCO 903 Z HATING RING 

COMPLETED PHASE IV CHECKOUT TEST. SEAL PERFORMANCE SATISFACTORY. SEALS IN 
GOOD CONDITION WITH NEGLIGIBLE WEAR. 

SAME AS BUILD 1 

SAME AS BUILD 1 

SCHEDULED 5-HOUR INSPECTION. SEALS IN GOOD CONDITION WITH NO ADDITIONAL 
WEAR. SEAL PERFORMANCE SATISFACTORY. 

SAME AS BUILD 2 

SAME AS BUILD 2 

COMPLETED RAYLEIGH STEP LOX SEAL TEST. TOTAL TIME 10.91 HOURS. SEALS IN 
GOOD CONDITION WITH NO ADDITIONAL WEAR. SEAL PERFORMANCE SATISFACTORY. . 

NEW BASIC INWARD PUMPING 
SPIRAL GROOVE MATING RING 
RS009696E, S/N 01. 

CARBON P692 RING, 

P/N 6563-1, S/N 01 

NEW 6 SEGMENT CARBON G84 
RAYLEIGH STEP P/N 201001, 
S/N C8/C10, NEW INCO 903 
Z MATING RING S/N 6 

EXCESSIVE LOX SEAL LEAKAGE. HEAVY RUBBING AND WEAR ON SPIRAL GROOVE 
SURFACE. HELIUM SEAL DAMAGED BY LDX SEAL FAILURE. 

NEW MOD I INWARD PUMPING 
SPIRAL GROOVE MATING 
RING RS009696E, S/N 02. 
DECREASED ID CARBON RING 
P/N 6888-1, S/N 01 

NEW 6 SEGMENT CARBON G84 
RAYLEIGH STEP P/N 201001, 
S/N C1/C16. NEU INCO 903 
Z HATING RING S/N 8 

EXCESSIVE LOX SEAL LEAKAGE. RUBBING AND WEAR ON SPIRAL GROOVE SURFACE. 
HELIUM SEAL IN GOOD CONDITION. 

NEW MOD II INWARD PUMPING 
SPIRAL GROOVE (NARROW 
■ DAM. DEEPER GROOVES) 
RS009696E-1. S/N 03. 
CARBON RING P/N 6888-1. 
S/N 02 

SAME AS BUILD 5 

LOX SEAL PERFORMANCE SATISFACTORY AT 1034 kPa (150 psia). SUDDEN INCREASE 
IN LEAKAGE AT 1724 kPa (250 psia). RUBBING AND WEAR ON SPIRAL GROOVE SUR- 
FACE. HELIUM SEAL IN GOOD CONDITION. 













TABLE 4 . (Concluded) 


TESTS 

NO. 


STARTS 


TIME 

MINUTES 


TEST OBJECTIVE 


SEAL HARDWARE 


LOX SEAL 


HELIUM SEAL 


170-176 


45.3 


PHASE IV MOD III 
SPIRAL GROOVE LIQUID 
OXYGEN CHECKOUT 


PHASE V LIQUID 
NITROGEN CHECKOUT 


031-048 


049-071 


25.2 


NEW MOO MI INWARD PUMP- 
ING SPIRAL GROOVE 
(OPTIMIZED DESIGN) 
RS009696E-2. S/N 04, 
CARBON RING 6888-1 
P/N 6888-1, S/N 03 


NEW PHASE V PRESSURE 
BALANCED OUTWARD PUMPING 
SPIRAL GROOVE MATING 
P/N 7R0012691-7, S/N 01 
CARBON P5N RING 
P/N 7R0012691-11, 

S/N 01 


NEW PHASE V PRESSURE 
BALANCED OUTWARD PUMPING 
SPIRAL GROOVE HATING RING 
P/N 7R0012691-7, S/N 03 
CARBON P5N RING, 

P/N 7R0012691-11. 

S/N 02 


SAME AS BUILD 2 


SAME AS BUILD 6 


NEW PHASE V SEGMENTED 
CARBON RAYLEIGH STEP 
RES 1377 5/N 2/3 


NEW SEGMENTS WITH SAME 
HOUSING AS BUILD I, 

RES 1377 S/N 4/1 


SAME AS BUILD 2. EXCEPT 
NEW SEGMENTS S/N 9/7 
AND NEW HATING RING 


REMARKS 


EXPLOSION AND FIRE IN SEAL AREA. SEALS AND TESTER EXTENSIVELY 
DAMAGED. MOST PROBABLE CAUSE WAS RUBBING AT LOX SEAL. THE PHASE IV 
TESTING WAS TERMINATED. THE TESTER AND FACILITY WERE REPAIRED AND MODI- 
FIED FOR PHASE V TESTING. 


SEALS DAMAGED BY TESTER OVERSPEED. LOX SEAL RUBBED AND WORN AT THREE 
SPOTS. HELIUM SEAL RAYLEIGH PADS WORN OFF. 


INBOARD SLAVE SEAL WORE GROOVE IN MATING RING. LOX SEAL IN GOOD CONDITION 
WITH NEGLIGIBLE WEAR. HELIUM SEAL LIFT PADS WORN OFF AND TWO SEGMENTS 
WERE BROKEN ON TURBINE SIDE. LOX SIDE SEGMENTS IN GOOD CONDITION. SEAL 
PERFORMANCE SATISFACTORY. 


INBOARD SLAVE SEAL WORE GROOVE IN MATING RING. LOX SEAL IN SATISFACTORY 
CONDITION WITH NO SIGNIFICANT WEAR ON MATING RING AND SLIGHT WEAR ON THE 
SEALING DAM. HELIUM SEAL LIFT PADS WORN OFF. SEAL PERFORMANCE SATIS- 
FACTORY. PROGRAM TERMINATED DUE TO INSUFFICIENT FUNDS. 


















Investigation revealed that the seals did not develop the necessary 
hydrodynamic lift to maintain a fluid film at the seal interface due to the 
tester rotation being in the wrong direction. Corrective action was taken to 
ensure proper rotation on subsequent tests. 

Build 2 Assembly 

The tester was rebuilt with a new LOX seal, serial number 067302, reworked to 
reduce the spring load to 44.5 N (10 lb) by installing 10 springs for addi- 
tional margin against rubbing contact. The anti-rotation tang clearance was 
increased 0.013 cm (0.005 in.) to prevent possible binding which could affect 
the seal dynamic response. The piston ring lead-in chamfer was increased from 
36 to 45 degrees to prevent breaking the piston ring at installation. A new 
piston ring with the stronger joint design was installed by Stein Seal Company 
during their rework to correct dimensional discrepancies. 

Installation of the new LOX seal with the unused side of mating ring 067301 
resulted in excessive leakage due to warpage caused by severe rubbing during 
test 001. The static leakage with new mating ring 067302 was satisfactory. 

Helium seal serial number 001 was rebuilt with the same housing and a new set 
of reworked segments (A-2 and A-8); however, the static leakage with a new 
mating ring, serial number 002, was excessive. Inspection revealed a visible 
light gap between the segments and the mating ring. A new seal, serial number 
002, with discrepant recess pads was installed and the leakage was satis- 
factory. It was agreed to test with seal 002 pending resolution of the 
leakage problem on the reworked segments. 

Surface profile traces of the inside radius on the reworked helium seal carbon 
segment A-2-2 revealed that the segment radius varied by approximately 0,0005 
cm (0.0002 in.) from a true radius of 4.986 cm (1.9630 in.). Measurement of 
segment A-4-3 from the second reworked set indicated closer alignment to a 
true radius of 4.989 cm (1.9642 in.). 

Tests 002 - 003 


Test 002 was terminated after 56 seconds because the speed would not exceed 
12,000 rpm. The tester operation and seal performance was satisfactory. 
Reversing the direction of rotation resulted in a speed control problem due to 
electrical feedback in the motor wiring. The motor was modified to correct 
the problem. 

Test 003 was run for a scheduled duration of 5 minutes to allow inspection of 
the seals to check for rubbing before excessive wear occurred. The tester 
accelerated to 23,000 rpm within 2 seconds when the motor was started and sta- 
bilized at 20,000 rpm for the remainder of the test. The helium seal leakage 
increased suddenly at start and pegged the chart in excess of 0.0023 m^/s (5 
SCFM) for the entire test. The helium seal purge pressure decreased at start 
indicating a sudden increase in leakage. The LOX seal leakage appeared to be 
constant at approximately 0.0014 m^/s (3 SCFM) for both pretest static and 
operating. The posttest static leakage was excessive on both seals. 
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Build 2 Disassembly 


Seal inspection revealed that the helium seal carbon segments were broken at 
most of the joints and through the section at the first pad feed groove on 
each set. The inside radius of the segments showed slight even contact with 
negligible wear. The mating ring surface showed only a slight trace of 
rubbing contact. 

The LOX seal rubbed slightly at the outer edge of the recess pads; however, 
the wear was negligible. The mating ring had a slight contact pattern which 
was heavier at the outer edge but no wear. 

Investigation indicated that small chips of carbon had broken loose from the 
edge of the LOX seal recess pads and had been smeared around the outer edge 
causing the wear. The surface profile traces indicated that the seal face 
wear was even across the face. The wear at the outer edge of the pads was 
approximately 0.0003 cm (0.000125 in.). Touching the seal face to a lapping 
plate also confirmed that the face was flat. 

The LOX seal carbon material was changed from P03N to P692 on the Phase III 
hardware to reduce the carbon chipping problem. 

Build 3 Assembly 

The LOX seal was relapped to pick up even contact around the outer edge of the 
recess pads, but not to clean up the wear groove. The mating ring was cleaned 
to remove the carbon pattern. 

The failed helium seal was sent to Koppers Company for failure analysis. A 
replacement seal was assembled using housing 001, and reworked segments A-4 
and A-6. It was agreed to test the reworked segments with the excessive leak- 
age to determine if the segments would wear-in to conform to the mating ring. 

Test 004 


The tester was started twice for a total time of 15 minutes and 40 seconds. 

The first start was cut at 40 seconds because of the speed chart reading twice 
the actual speed. The actual speed came in at 25,000 rpm and was adjusted to 
12,500 rpm at cut-off. The second start was constant at 25,000 rpm for 15 
minutes. The LOX seal presure was 1034 kPa (150 psig) and the helium seal 
pressure 241 kPa (35 psig). 

The LOX seal leakage increased from 0.109:a3/s (3.9 SCFM) static to 0.193 
m^/s (6.9 SCFM) at the first start and leveled off at 0.159 m^/s (5.7 
SCFM) before cut. The leakage spiked at the second start then dropped to 
about 0.252 m^/s (9 SCFM) and held steady. 

The helium aeal purge inlet leakage increased from 0.246 m^/s (8.8 SCFM) 
static to about 0.280 m^/s (10 SCFM) at the first start and held steady 
until cut-off. The purge leakage increased to 0.0056 m^/s (12 SCFM) at the 
second start and held steady until the purge pressure was vented after 
cut-off. 
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The post test LOX seal static leakage was 0.154 m^/s (5. 5 SCFM) compared to 
0.070 m^/s (2.5 SCFM) pretest. The helium seal static leakage was 
approximately the same, pre- and posttest. 

Build 3 Disassembly 


Seal inspection revealed that the helium seal carbon segments were broken in 
several places through the sections and at the joints. The broken sections of 
the segments were polished at the inside radius indicating slight rubbing con- 
tact. The helium seal mating ring showed only a slight trace of rubbing 
contact. 

The LOX seal had rubbed and worn the carbon face 0.00127 cm (0.0005 in.). The 

recess depth varied from near zero to about 0.0005 cm (0.0002 in.). The face 

wear was even, as indicated by the contact pattern and surface profile 
traces. The carbon wear debris was accumulated at the end of the recess pads. 

The LOX seal mating ring showed a heavy rub pattern in the pad area and a 

spotted pattern in the dam area. The surface profile traces indicated that 
the mating ring surface was still flat and not worn except the spots at the 
seal dam were slightly lower than the surface. It is suspected that the spots 
were higher during operation causing slight wear. 

Investigation of the helium seal failure indicated excessive movement of the 
segments relative to the seal housing. The carbon contact pattern on the 
housing side plate showed abnormally large radial motions in the order of 
0.0127 to 0.178 cm (0.005 to 0.007 in.). There was also evidence that the 
garter spring had contacted the inside diameter of the seal housing. The 
garter-spring-to-housing clearance is greater than the mating-ring-to-housing 
clearance; therefore, it is not possible to bottom out the segments by radial 
shaft deflection. 

It is suspected that either violent shaft motion or fluid dynamics overloaded 
the carbon segments and caused the breakage. Experience indicates that high 
speed shaft runouts in excess of 0.013 cm (0.005 in.) can cause similar fail- 
ures due to the inertia and impact loads which result when the segments 
attempt to follow the eccentric motion. 

The helium seal design was changed from a three-segment design to a six- 
segment design to increase the strength of the segments. The material was 
changed from G84 to P5N for higher strength. Consideration was given to 
increase the garter spring and wave spring loads to improve dynamic stability, 
relocating the anti-rotation pin to reduce the friction load and changing the 
joint closure to a step joint design. 

Build 4 Assembly 

The tester was instrumented to measure the shaft deflection at the helium seal 
mating ring by removing the helium seal and installing an adapter ring with 
two Bently displacement transducers located 90 degrees apart. 
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The LOX seal was modified to reduce the spring load from 44.5 N (10 lb) to 
31.1 N (7 lb) to eliminate rubbing contact and carbon face wear. The shaft 
sleeve shoulder which locates the LOX seal mating ring was lapped flat within 
three helium light bands to eliminate the possibility of uneven loading. The 
LOX seal mating ring flatness was checked in the assembled position to ensure 
that it was not being distorted by the assembly. 

Tests 005 - 007 


The speed was increased gradually to 32,550 rpm and the displacement trans- 
ducers indicated a critical speed at 19,000 rpm with 0.030 cm (0.012 in) 
peak-to-peak deflection. The following shaft deflections were measured at the 
helium seal mating ring: 


eed. rpm 

Deflection, 

cm 

Peak-to-Peak, 

inch 

12,000 

0.0025 

(0.001) 

15,000 

0.0025 

(0.001) 

19,000 

0.0304 

(0.012) 

22,000 

0.0076 

(0.003) 

27,000 

0.0107 

(0.0042) 

32,000 

0.0140 

(0.0055) 


The motor speed adjustment was preset for 32,000 rpm. The motor was started 
and the speed accelerated to 32,725 rpm within 2 seconds. The shaft 
deflection increased suddenly from 0.0102 cm (0.004 in.) peak-to-peak at 
22,000 rpm up to 0.107 cm (0.042 in.) peak-to-peak at 26,400 rpm where the 
transducer signal was lost. 

Posttest inspection revealed the shear neck on the tester drive coupling was 
sheared. The tester shaft was loose and the bearings were rough. The dis- 
placement transducers, which had been installed with 0.076 cm (0.030 in.) 
radial clearance, were damaged from rubbing contact. 


Build 4 Disassembly 

Inspection revealed that the drive end bearing failed from an excessive 
rotating radial load. The radial load had exceeded the axial load, which 
caused the balls to run down on the inner race and wear a groove approximately 
180 degrees around the race. The bearing apparently was damaged by the 
rotating radial load resulting from operation at or near the critical speed. 
The forward end bearing was in good condition. 

A. critical speed analysis of the tester rotating parts and drive coupling sys- 
tem indicated that the calculated second critical speed is approximately the 
same as the measured critical speed. The analysis indicated that the system 
should be satisfactory for operation at the required 32,000 rpm test point. 
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It was agreed to delete the 20,000 rpm and 25,000 rpm checkout test points to 
avoid the tester critical speed. The tester will be accelerated through the 

19.000 rpm critical and operated at 32,000 rpm to eliminate excessive shaft 
deflection which could damage the bearings and seals. 

Build 5 Assembly 

The tester was rebuilt with new bearings and improved balance. All rotating 
parts were balanced and indexed to the shaft to maintain balance at 
reassembly. The drive coupling was also balanced. 

Test 008 

A normal fast start test was performed with two Bently displacement trans- 
ducers installed in place of the helium seal. The high frequency data 
indicate that the tester bearing failed at approximately 2.0 seconds and 

27.000 rpm during the start transient. A plot of the shaft peak-to-peak 
deflection vs speed (Fig. 47) indicates that the deflection started to 
increase at 20,000 rpm and reached 0.221 cm (0.087 in.) maximum at 27,000 rpm 
when the signal was lost. It is theorized that the bearing failed as the 
tester accelerated through the critical speed. 

Build 5 Disassembly 

Inspection revealed that the drive end bearing was failed from an excessive 
rotating radial load. A groove was worn approximately 180 degrees around the 
bearing inner race similar to the failure on Test 007. The Bently trans- 
ducers, which had been installed with 0.127 cm (0.050 in.) radial clearance, 
were damaged from rubbing contact. The LOX seal was damaged from rubbing con- 
tact with the shaft sleeve on the inside of the housing. The housing was 
distorted causing the seal to bind-up and overload the seal face. The LOX 
seal mating ring was heavily rubbed from the face overload. 

The results of the investigation indicate that the most probable causes of the 
excessive tester shaft deflection were loose tester facility mounts and 
excessive misalignment of the tester shaft and drive motor gearbox output 
shaft. The loose mounts and misalignment apparently caused the excessive 
rotating radial load which deflected the tester shaft and failed the bearings. 

The facility mount was reworked by replacing the spherical bearings and 
cylindrical adapters with heavy gusset plates to provide a rigid mount for the 
tester mounting pins. The facility mounting frame was welded to the adjacent 
structure to provide a rigid base for the mounting adapter. The tester was 
realigned and rechecked at chilldown. The results indicated no significant 
change in alignment due to chilldown. 

Build 6 Assembly 

The tester was assembled for start testing without the LOX seal and with two 
Bentlys installed in place of the helium seal to measure shaft deflection. 
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Figure 47. NASA Seal 



Tester Shaft Deflection vs Speed, Test 008 




Test 001 - 002 (CTLl-AB. 1974) 


Gradual and fast start tests to measure tester shaft deflection. The results 
(Fig. 48) indicate satisfactory tester operation. 

Build 6 Disassembly 

Inspection of the tester and bearings revealed the hardware to be in good 
condition. Review of the test data indicated satisfactory tester operation 
and shaft deflection; therefore, the LOX and helium test seals were installed 
for continuation of the gaseous nitrogen checkout testing. 

Build 7 Assembly 

The LOX seal was assembled using housing part number CF 851217, serial number 
067304, and new seal composite ring part number CF 8S1218, serial number 
067303. The spring load at the installed length of 2.413 cm (0.950) inch 
measured 30.2 N (6.8 lb) with seven springs installed. 

The helium seal was assembled using housing serial number 003 and new segments 
K-S and A-2 which had been reworked by Koppers Company to remachine the recess 
pads with a straight bore. 

Test 003 

Gaseous nitrogen checkout test scheduled for 15 minutes at 32,000 rpm with 
1034 kPa (150 psig) LOX seal GN 2 pressure and 241 kPa (35 psig) helium seal 
pressure. A normal fast start was made. The speed accelerated to 32,000 rpm 
within 3 seconds and was steady until the test was terminated at 24 seconds 
due to a sudden increase in tester vibration level. The high frequency data 
revealed that the vibration level was steady at 3 to 4 gs peak-to-peak through 
the start transient and during the test until it suddenly spiked up to a 
maximum of 70 gs. All other test data appeared to be satisfactory. 

Build 7 Disassembly 

Inspection revealed that the helium seal carbon segments and the outboard 
slave seal carbon seal ring were broken due to excessive tester shaft deflec- 
tion. The helium seal mating ring rubbed the inside diameter of the helium 
seal housing, indicating shaft radial displacements of approximately 0.076 to 
0.102 cm (0.030 to 0.040 in.) maximum. The mating ring contact pattern 
indicated satisfactory operation prior to the breakage. 

The LOX seal was in good condition. The mating ring indicated uniform contact 
across the seal face with a slight contact pattern at the inner and outer 
edges. The carbon face contact pattern was slightly polished and uniform, 
indicating satisfactory operation. 

The tester bearings were in good condition, except the contact pattern on the 
balls indicated that the axial load was insufficient to maintain radial 
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alignment. Investigation indicates that the bearings ran in the unloaded 
position with increased radial clearance, which allowed the shaft to rotate in 
an eccentric path and resulted in a progressively higher rotating radial load 
as the shaft deflection increased. 

The tester was reworked to replace the bearing axial load piston with preload 
springs. The bearing axial load was increased from 200 pounds minimum to 300 
pounds minimum to ensure sufficient preload to maintain radial alignment. 

It was decided to perform the remainder of the testing at Wyle Laboratories, 
Norco to allow the use of a close-coupled tester drive to eliminate the 
possibility of the existing long coupling causing excessive tester shaft 
deflection. The tester drive system was modified (Fig. 49) to utilize a 
turbine with a short 5.08 cm (2 in.) spline drive coupling to the tester to 
drive the tester. A critical speed analysis of the complete rotating system 
including the turbine, coupling shaft and tester was performed. The following 
critical speeds were calculated: 

First Critical = 20,589 rpm 
Second Critical = 24,372 rpm 
Third Critical = 75,418 rpm 

The analysis indicates that the tester and drive system critical speeds are 
satisfactory for operation at 32,000 rpm. The deflection mode shapes indicate 
that the first critical speed is the only one which results in deflection of 
the tester shaft. It will be necessary to accelerate through the first and 
second critical speeds to reach the operating speed; however, this is 
considered standard practice on other rotating machinery. 

Tester Checkout Testingr Wyle Laboratories 

A total of 75 checkout tests was performed on the modified tester and turbine 
drive without the seals installed. Satisfactory operation of the tester for 
two 15 minute tests at 32,000 rpm was demonstrated. Analysis of the high 
frequency data from the tester checkout tests indicated that the tester shaft 
deflection at the helium seal mating ring is a maximum of 0.0172 cm (0.0068 
in.) peak to peak at the 18,000 rpm critical speed and 0.0096 cm (0.0038 in.) 
peak to peak at a steady state speed of 33,000 rpm (Fig. 50). 

Build 8 Assembly 

The LOX seal assembly. Part Number CF 851216, Serial Number 03, was assembled 
using housing Part Number CF 851217, Serial Number 067301, and relapped seal 
at the installed length of 2.418 cm (0.952 in.) measured 27.6 N (6.2 lb) with 
seven springs installed and 0.246 cm (0.097) in. compression. A typical 
surface profile trace of the seal face is shown in Fig. 51. Replated LOX seal 
mating ring Part Number 067301 was installed. The mating ring optical 
flatness was two helium light bands prior to installation and five bands after 
installation. 


84 



Figure 49. Modified Tester Drive With Close Coupled Turbine 


85 



TESTER SHAFT PEAK-TO-PEAK DEFLECTION 


03 

cn 


CM 

0.0178 

0.0152 

0.0127 

0.0102 

0.0075 

0.0050 

0.0025 









The helium seal was assembled using housing Part Number CB120673, Serial 
Number 001, modified for six-segment seal rings. Figure 52 shows the 
hydrodynamic lift pads of the six carbon segments of seal rings B-5 and B-10. 
Figure 53 shows the B-5 seal ring assembly. 

Tests 076 - 103 (Wvle Laboratories ) 

A total of 27 gaseous nitrogen checkout tests with 1034 kPa (150 psig) on the 
LOX seal and 345 kPa (50 psig) on the helium seal were performed. Most of the 
tests were less than 1 minute in duration and were teminated because of speed 
control problems. The seal performance was satisfactory. 

Investigation of the speed control and speed decay problem indicated that 
moisture in the turbine drive air was freezing and icing up the turbine. The 
pressure ratio across the turbine causes the outlet temperature to drop below 
freezing. The lower temperature freezes the moisture in the air and results 
in ice build-up in the turbine. The ice build-up in the turbine nozzles and 
on the turbine wheel apparently causes the erratic speed control and speed 
decay problem. The turbine drive gas was changed from compressed air to 
gaseous nitrogen to eliminate the icing problem. 

Build 8 Disassembly 

The tester inspection revealed that the tester was In good condition with 
nothing being found which would explain the speed problem. 

The LOX seal was in good condition with no measureable wear and only a very 
slight contact pattern on the carbon sealing face and the mating ring. 

The helium seal was in good condition except for uneven wear across the carbon 
sealing faces. The LOX side carbon segments were worn 0.0026 cm (0.00103 in.) 
on the inner land and the turbine side segments were worn 0.0026 cm (0.00102 
in.) on the seal dam and outer land (Fig. 54). The recess pads were nearly 
worn away. The mating ring pattern indicated slight rubbing contact. The 
uneven carbon wear indicates that the mating ring is running in a conically 
distorted condition with the LOX side smaller. 

The posttest helium seal static leakage was high on the turbine side because 
the sealing dam was worn down below the pad surface. 

Build 9 Assembly 

The tester was reassembled using the hardware removed following Test 103. An 
operating change in the helium seal inlet pressure was made in an attempt to 
lower the seal wear during tester acceleration. The initial helium seal 
pressure was 0 psig at start, then increased to 243.25 kPa (35 psig) as the 
tester reached operating speed. 
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SEGMENTS B- 5 -I THROUGH 6 


SEGMENTS B-10-1 THROUGH 6 
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Figure 53. Assembled Six-Segment Helium Seal Ring, Segments B-5 
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Figure 54. Typical Profile Trace of Helium Seal 
CB120673, S/NOOl, Posttest 103 
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Tests 104 - 132 


The Phase I gaseous nitrogen checkout testing was completed. A total of 29 
tests for 85.8 minutes was performed at pressures from 1034 to 2413 kPa <150 
to 350 psia). The seal leakage rate varied from 0.0056 to 0.0093 m^/s (12 
to 20 SCFM). 

Build 9 Disassembly 

The LOX seal was in good condition with no measurable wear and only a slight 
contact pattern. Photographs of the seal and mating ring are shown in Fig. 55 
through 58. 

The helium seal was in good condition except for the same uneven wear across 
the carbon sealing faces which was present at the posttest 103 inspection. 

The LOX side segment B-5-1 did not show any significant additional wear 
posttest 132. The turbine side segment B-10-1 showed 0.0013 cm (0.0005 in.) 
additional wear in the same tapered direction posttest 132. The recess pads 
were worn away on both the LOX and turbine side segments. Photographs of the 
seal segments and mating ring are shown in Fig. 59 and 60. 

Investigation of the helium seal uneven wear problem indicates that the seg- 
ment wear is caused by the mating ring running in a conically distorted con- 
dition with an increasing diameter toward the turbine side. The mating ring 
distortion is apparently caused by the combined thermal and centrifugal 
loading. 

The Phase III helium seal mating ring design was revised to minimize the oper- 
ating distortion by reducing the thickness of the center web from 0.381 to 
0.178 cm (0.150 to 0.070 in.) and moving the web toward the turbine side to 
balance the thermal and centrifugal loads. 

PHASE I LIQUID OXYGEN TESTING 

Build 10 Assembly 

The tester was assembled for the LOX testing using the same LOX seal (S/N 03) 
and spring load used for the gaseous nitrogen testing. The seal was in good 
condition with no measurable wear, and did not require lapping or rework. The 
helium seal was rebuilt using the same housing (S/N 01) and new carbon seg- 
ments (S/N B-l/B-7) for the LOX testing. A new Phase I helium mating ring, 
reworked to the Phase III configuration by reducing the thickness of the 
center web from 0.381 cm (0.150 in.) to 0.178 cm (0.070 in.) with the web 
moved toward the turbine side to balance the thermal and centrifugal loads, 
was used for the LOX testing in an attempt to reduce the uneven carbon segment 
wear. 

Tests 133 - 139 

The Phase I, Test Schedule II, Cryogenic Temperature Testing with liquid 
oxygen, was initiated. A total of seven tests was made at test point 1 
conditions with an accumulated time of 10.4 minutes. 
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Figure 56. Typical LOX Seal Carbon Recess Pad CF851218, Position 1, 
S/N 067303, Posttest 132 





Figure 57. 


LOX Seal Mating Ring CF851226, 


S/N 01, Posttest 132 
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Figure 59. Helium Seal Carbon Segments CB120673, S/N 001, Posttest 132 
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Figure 60. Helium Seal Mating Ring RS004406X, S/N 004, I’osLtest 132 


The first two LOX tests were terminated due to the LOX seal drain pressure 
exceeding the 345 kPa (50 psig) redline, indicating either excessive LOX seal 
leakage or insufficient drain size. The LOX seal drain leakage orifice size 
was increased to reduce the back-pressure. The drain pressure decreased to 
approximately 241 kPa (35 psig) on the subsequent tests; however, the pressure 
was still too high for proper evaluation of the helium seal performance. The 
LOX drain pressure exceeded the helium seal purge pressure and caused backflow 
through the helium seal. 

Build 10 Disassembly 

The tester was removed to inspect the seals and to increase the LOX seal 
spring load to reduce the leakage. The lower spring load used for the gaseous 
nitrogen testing is apparently insufficient for liquid oxygen due to the 
increased hydrodynamic lift. The spring load will be increased to 44.5 N (10 
lb) on the next build to reduce the sealing interface film thickness. 

Seal inspection revealed the LOX seal to be in good condition, except the 
carbon dam was scored with circumferential grooves approximately 0.00025 to 
0.0013 cm (0.0001 to 0.0005 in.) deep. The groove peaks were at the same 
level as the original surface. The scoring was apparently caused by either 
foreign particles or particles from the carbon face being ground around the 
dam. 


The helium seal was in good condition, except the carbon segments were worn 
uneven across the sealing faces. The turbine side segments were worn 0.00025 
to 0.0013 cm (0.0001 to 0.0005 in.) on the inner land and 0.0081 to 0.0114 cm 
(0.0032 to 0.0045 in.) on the dam. The LOX side segments had no measurable 
wear on the dam or outer land and 0.0025 to 0.0048 cm (0.0001 to 0.0019 in.) 
wear on the inner land. 

The posttest 139 helium mating ring profile trace indicates that the ring out- 
side diameter is flared out approximately 0.0076 cm (0.003 in.) radial on the 
turbine side. It is suspected that the flared edge contributed to the uneven 
carbon segment wear. 

Build 11 Assembly 

The tester was assembled using the same LOX seal (S/N 03) with the carbon face 
relapped slightly to polish the surface. The concentric grooves in the dam 
surface were not removed. The spring load was increased from 29.3 to 45.4 N 
(6.6 to 10,2 lb) by increasing the number of springs from seven to nine. A 
new helium seal housing reworked to the six-segment design was used. The same 
LOX segments usdd on build 10 were installed. The segments used on the tur- 
bine side were the LOX segments from Builds 8 and 9. A new phase I helium 
mating ring was installed. 

Tests 140 - 152 


A total of 13 tests for 148.1 minutes was performed to complete the scheduled 
2.5 hours of testing. The initial tests were terminated due to facility 
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operation and speed control problems. Tests 150 and 152 were successful 
facility duration tests of approximately 1 hour duration. - 

The LOX seal leakage was very consistent on all tests. The static LOX leakage 
pretest and posttest was approximately 0.007 to 0.009 m^/s (15 to 20 SCFM) . 

The leakage increased at start to approximately 0.023 m^/s (50 SCFM) and 
returned at shutdown, indicating that the seal lifted off properly and 
operated as predicted with a fluid film thickness of 0.00076 to 0.0010 cm 
(0.0003 to 0.0004 in,). 

The helium seal leakage during operation was satisfactory. The low leakage 
indicates that the carbon segments are wearing in to conform to the distorted 
mating ring surface. The uneven segment wear causes excessive posttest static 
leakage. 

Build 11 Disassembly 

Seal inspection revealed the LOX seal to be in good condition. The carbon dam 
that was scored with concentric grooves during the previous set of tests (133 
- 139) remained the same with no measurable wear. 

The helium seal mating ring conical distortion was again evident on the wear 
pattern of the helium seals. The LOX side segment shows wear on the dam and 
outer land. The inner land was completely worn off. The turbine side dam and 
lands were completely worn off and the greatest wear was on the dam side. The 
cone apparently starts somewhere between the outer and inner lands on the LOX 
side as evidenced by the wearing off of the inner lands of the seals on the 
LOX side. 

Build 12 Assembly 

The tester was assembled for LOX testing using the same LOX seal (S/N 03) and 
the same mating ring (S/N 01). The same helium seal housing was used with new 
segments on both the LOX and turbine sides. The LOX side segments had S/N 
B-3, the turbine side segments had S/N B-9. The helium seal mating ring was 
the same as from Build 10, but it had been ground round and replated. 

Tests 153 - 159 

A total of seven tests for 38.11 minutes was performed. During the first two 
tests the speed of the tester was erratic. After the second run the tester 
would not turn over. It was discovered that water from the pump that is used 
to load the turbine that drives the tester had forced its way through the 
grease-packed bearings and blown into the tester cavity where it had frozen 
solid. The tester was allowed to thaw out and tests 155 through 159 were 
run. During these tests the speed again tended to be erratic except for a 
period about 300 seconds into run 159 when the tester ran smoothly for 607 
seconds. The speed then dropped suddenly, the run was cut and the tester was 
again found to be iced up. The tester was removed for inspection due to 
evidence of high leakage and icing. 


100 



Build 12 Disassembly 

Seal inspection after disassembly revealed the LOX seal to be in good 
condition. The carbon dam that had been scored with concentric grooves during 
tests 133 - 139 remained the same with no measurable wear. 

Inspection of the LOX seal assembly revealed that the pilot ring had distorted 
tangs, and marks from the tangs on the bottom of the housing indicated that 
the pilot ring had, at some time, been bottomed. A check on both sides of the 
carbon seal ring showed that both sides were still optically flat and the ring 
was found to hold a very good vacuum between it and the carbon seal. 

The helium seal mating ring conical distortion was again evident on the wear 
pattern of the helium seal segments. There was no appreciable wear on the dam 
and outer land; however, the inner land was completely worn off. 

Build 13 Assembly 


The tester was assembled for LOX testing using the same LOX seal (S/N 03) and 
the same mating ring (S/N 01). The same helium seal housing and segments were 
used, but because of the permanent distortion in the surface of the mating 
ring, the ring was changed back to the one used in Build 11 (RS004406X, 

S/N 05). The only other change was that the LOX seal carbon faces were very 
lightly lapped. 

Tests 160 - 161 


Test 160 was cut immediately because there was no speed trace. The instrument 
sensitivity was changed and then run 161 resulted in a 2-hour test during 
which the speed, the seal cavity pressure and all other parameters remained 
very steady. This completed the 5 hours of testing required at 1034 kPa (150 
ps ia) . 

Build 13 Disassembly 

Seal inspection after disassembly revealed the LOX seal lands and pads to be 
in good condition with no measurable wear. Photographs of the LOX seal are 
shown in Fig. 61 and 62. The leak tests made before disassembly show a high 
static leakage across the LOX seal due to wear on the dam. The LOX mating 
ring, shown in Fig. 63, was still in excellent condition. It was still 
optically flat and the profile trace showed no wear. 

The helium seal mating ring, housing and carbon segments were substantially 
the same as they were before the 2-hour test. During the run, leakage through 
these seals was low. During the static leak tests made before disassembly, 
the leakage through the seals on the LOX side was low while, the leakage 
through the turbine-side seals was high due to the uneven wear. 
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Figure 61. LOX Seal Carbon Ring CF8512I8, 
S/N 067303, Posttest 161 
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Figure 62. Typical Seal Carbon Recess Pad CF851218, 
Position 1, S/N 067303, Posttest 161 




Figure 63. LOX Seal Mating Ring CF851226, 
S/N 01, Posttest 161 
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Build 14 Assembly 


The tester was assembled for LOX testing using a new LOX seal carbon ring 
(S/N 05) and a new mating ring (S/N 01). The spring load was increased from 
45.4 to 52.5 N (10.2 to 11.8 lb) by increasing the number of springs from 9 
to 12. The static GN 2 leakage through the LOX seal was low. 

The same helium seal housing and segments and the same helium seal mating ring 
were used as in the previous build. The segments on the LOX side had no 
appreciable wear on the dam and outer land but the inner lands had been com- 
pletely worn off. The dam and lands of the segments on the turbine side were 
completely worn off and the ring of segments had a conical shape caused by the 
thermal distortion of the mating ring during cryogenic testing. 

Tests 162 - 176 

Tests 162, 163 and 164 were of short duration and all were automatically cut 
because of overspeed. Test 165 was cut because there was no accelerometer 
reading, test 166 had no speed trace and tests 167 and 168 were cut because 
the LOX seal discharge pressure was above the redline. Run 169 was cut in 
order to reset the seal cavity pressure to the specification value of 1724 kPa 
(250 psi). Run 170 was a fairly smooth test of 2679 seconds, but during the 
test the seal cavity pressure steadily decayed from 1723.75 kPa (250 psi) down 
to 1027.35 kPa (149 psi). Near the end of the run the speed became erratic 
and there was an overspeed cut. 

The tester was removed for inspection due to speed control and LOX seal pres- 
sure decay. 

Build 14 Disassembly 

Bearing inspection after disassembly revealed that one of the bearings had a 
broken ball. Inspection of the turbine drive showed that the radial-inflow 
turbine had rubbed on the outer shroud. The high drag load prevented the 
tester from reaching design speed. 

During the tests it had been noted that the LOX seal leakage was very high. 
Profile inspection of the LOX seal after disassembly showed that although the 
seal lands and pads were in perfect condition, the dam was badly worn. It is 
suspected that the wear was caused by abrasion from the debris that resulted 
from the bearing failures. The test data show that the large increase in 
leakage occurred between runs 170 and 171. 

Build 15 Assembly 

The tester was assembled for LOX testing with new ball bearings, a reworked 
(new recess pads) LOX seal carbon ring (S/N 01) and a new mating ring (S/N 
04). Twelve springs were used to provide a spring load of 52.5 N (11.8 lb). 

The same helium seal housing and segments and the same helium seal mating ring 
were used as in the previous two builds. The segments on the LOX side had no 
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appreciable wear on the dam and outer lands but the inner lands had been com- 
pletely worn off. The dam and lands of the segments on the turbine side were 
completely worn off, the ring of segments having a conical shape caused by 
wear from the thermally distorted mating ring during cryogenic testing. 

Tes ts 177 - 222 

Tests 177 to 184 were very brief acceleration tests attempting to reach the 
design speed of 32,000 rpm. The speed leveled off at about 20,000 rpm, and 
each was quickly cut. Between runs, the pressure of the GN 2 driving the 
turbine was gradually increased to its maximum allowable value. 

It was decided to use the maximum turbine pressure and the minimum bearing 
flow to minimize the power absorbed by the bearings. It had also been noted 
during previous tests that the tester speed tended to increase with time. 
Therefore, it was decided to let the tester run to see if its speed would 
gradually increase to the design value. 

Testing was resumed and the first test was cut because the speed was too near 
the critical. On run 187 the speed gradually increased from 26,400 rpm to 
27,200 rpm, at which time the LOX run tank was depleted. On test 190 the 
tester drag decreased and there was an overspeed cut. On the last four tests, 
design speed was reached but control was erratic. At the conclusion of test 
194, the tester would not turn over and it was found that the turbine water 
seal had failed and water had leaked from the centrifugal pump through the 
turbine. The water spilled into the tester slave seal cavity and froze the 
tester shaft. 

Since no replacement water seals were available, it was decided to eliminate 
the water and allow the water pump to pump air. The water pump was required 
originally to provide drag for speed control. Since the tester drag is higher 
at the current operating conditions, the water is no longer required. 

Tests 195 - 204 were made accumulating 3.08 minutes attempting the test 
point 2 conditions of 1724 kPa (250 psig) LOX pressure and 32,000 rpm. Prob- 
lems included low drive turbine power at the maximum allowable turbine inlet 
pressure of 965 kPa (140 psig). Tester power requirements increased as the 
LOX seal pressure increased. The turbine pump seal was removed to eliminate 
friction drag heat buildup. A labyrinth spacer was installed in place of the 
seal. 

Tests 205 - 212 were made for a total of 52.63 minutes, including 30 minutes 
at 1724 kPa (250 psia) LOX pressure to complete the 5 hours at test point 2 
condition. A total of 15 minutes at test point 3 conditions of 2241 kPa (325 
psig) LOX pressure was included. 

It was decided to increase the diameter of the 26 conical, convergent turbine 
nozzles from 0.156 to 0.187 in. diameter. The nozzle area was increased 40 
percent to allow increasing the turbine flowrate and power output at the max- 
imum inlet pressure. 

The test plan was revised to run 0.151 to 0.163 kPa (325 to 350 psig) LOX 
sealed pressure for 30 minutes, 0.163 to 0.175 kPa (350 to 375 psig) LOX 
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sealed pressure for 30 minutes, and then complete the remainder of the 20 
hours (approximately 9 hours) at 0.186 kPa (400 psig) sealed pressure. The 
bearing cavity pressure was increased to minimize the pressure drop across the 
inboard slave seal between the bearing and LOX seal cavities to reduce the 
seal friction drag power. 

Tests 213 - 222 were made accumulating 25.91 minutes attempting 0.151 to 0.163 
kPa (325 to 350 psig) LOX sealed pressure at 32,000 rpm. The LOX seal drain 
orifice diameter was increased from 1.905 cm (0.75 in.) diameter to 2.540 cm 
(1.0 in.) diameter to reduce the drain cavity pressure. 

Tests 213 - 216 were prematurely cutoff by an erroneous accelerometer cable 
problem. 

Tests 217 - 219 were cut due to low drive turbine inlet pressure. At the cut 
of test 219, the facility LOX pump was accidently turned off instead of the 
turbine valve. The tester speed spiked to 40,000 rpm. The bearing and seal 
LOX flows dropped to zero. Bearing cavity pressure dropped to 345 kPa 

(50 psig) and seal upstream pressure dropped to 414 kPa (60 psig). No signi- 

ficant change was noted in the bearing and seal upstream cavity temperatures. 
The posttest shaft turning torque was normal - the same as chilled pretest 
value. There was no apparent damage and it was decided to continue testing. 

On test 220, the LOX seal upstream pressure was gradually increased from 2068 
to 2758 kPa (300 to 400 psig) and remained near 2758 kPa (400 psig) for 
approximately 4 minutes to demonstrate the facility capability for the maximum 
test condition. The overspeed cutoff level was increased from 33,000 rpm to 
34,500 rpm to prevent an overspeed cut during the demonstration. The test was 
terminated due to run tank LOX depletion. The maximum accelerometer level was 
6.35 gs peak to peak. 

Test 221 was also terminated due to LOX depletion after 3.7 minutes. 

Test 222 was a steady-state test at 2413 kPa (350 psig) LOX sealed pressure 

and 32,000 rpm for 651 seconds. Accelerometer levels were 4.8 gs peak-to-peak 
near test start at 2241 kPa (325 psig) sealed pressure and increased to 5 6 gs 
peak-to-peak at 200 and 400 seconds. The LOX seal leakage was 0.091 m?/s (195 
SCFM) at 2344 kPa (340 psig) sealed pressure and 32,120 rpm. 

A fire erupted from the seal drain cavity area after 651 seconds of 
steady-state operation on test 222. A large ball of flame shot out from the 
tester area to the far side of the test pad and the test was shut down. 

Approximately 4 seconds before the fire, the tester speed dropped from 32,000 
rpm to 29,000 rpm prior to shut down. The accelerometer trace on the 
oscilloscope was observed to decrease about 10% concurrent with the speed 
decrease. 

Four holes were burned through the tester housing in the seal drain area. One 
hole was at a LOX seal drain fitting and three larger holes were burned 
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through the helium seal housing and turbine side drain area. The turbine 
mounting adapter, drive spline, wheel and manifold were damaged. There was 
extensive facility damage to the plumbing, tubing, wiring, instrumentation, 
valves, filters and insulation. 

Test data charts indicated the LOX side and turbine side drain and orifice 
pressures went high, off scale at the time of the fire. The LOX seal upstream 
pressure increased from 2344 kPa to 3344 kPa (340 to 485 psi) then dropped to 
zero. The helium orifice pressure increased from 93 kPa to 293 kPa (13.5 to 
42.5 psid) . 

Build 15 Disassembly 

The tester was disassembled due to the fire damage. Extensive burning 
occurred in the LOX and helium seal area. The outboard slave seal carbon ring 
was missing and the housing was mostly burned away. Figure 64 shows the 
outboard slave mate ring. A small chunk of the carbon nose attached to the 
mate ring was removed and showed the rubbing surface in good condition with no 
grooving. 

The turbine side drain housing was burned through in three places, two at the 
drains. The helium seal mating ring was gone except for the 90-degree section 
shown in Fig. 65 and 66. The rubbing surface remaining was in good condition 
as shown in Fig. 65. The remaining helium seal carbon segments shown in Fig. 
66 indicate the rubbing surfaces were in good condition. The burning in the 
helium seal housing, mating ring, and drains appears to have occurred after 
rotation stopped. 

The LOX seal housing was burned through in two areas 180 degrees apart as 
shown in Fig. 67. The shaft was also burned in the same areas. The LOX seal 
carbon was missing except for a 60-degree section. The pads remaining on the 
section were burned and worn, especially at the dam area, and showed rub 
marks. The LOX seal carbon retainer ring and pilot ring were completely 
missing. The LOX seal mating ring shown in Fig. 68 had a continuous errosion 
path burned in the dam area which apparently occurred during rotation. The 
slag chips on the mating ring have rub marks, indicating rotation after 
burning. 

The clamping ring had burning at the mating ring clamping shoulder and at the 
puller groove that apparently occurred during rotation. The deep burning into 
the shaft that occurred after rotation stopped was in two places approximately 
180 degrees apart. The shaft burning occurred away from the mate ring surface 
and appeared to have been pressure feed. 

Burning damage was concentrated inside of the LOX seal housing and not 
upstream in the sealed pressure cavity. 

The inboard slave seal and bearings were in good condition with no evidence of 
burning. 
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Figure 65. Posttest 222 Fire Showing Helium Seal Mate Ring 
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Figure 66. Posttest 222 Fire Showing Helium Seal LOX Side Carbon Segment 






Figure 68. Posttest 222 Showing LOX Seal Mate Ring and Shaft Burning 
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The tester damage can be classified as rotating and non-rotating damage. 
Rotating damage appeared at the LOX seal mating ring surface and at the clamp- 
ing ring outside diameter. Non-rotating damage appeared at the deep grooving 
of the shaft under the LOX seal housing 180 degrees apart, leaving a 90 degree 
section of the helium seal and mating ring. The burned out LOX seal drain and 
a one turbine side drain were in the same plane. 

The investigation to determine the cause of the tester fire concluded that no 
single cause could be pinpointed by the evidence. The possible sources of 
ignition include non-LOX compatible contamination at the LOX seal dam, exces- 
sive rubbing of LOX seal hardware, or carbon dust buildup in the turbine side 
drain area, resulting in an explosion. 

The non-LOX compatible contamination was found in the metallurgical analysis 
of the slag on the LOX seal mating ring. Tin and lead (probably from solder) 
were included in the slag composition. Tin is not LOX-compatible . If the 
contamination became lodged at the seal dam and resulted in a fire, the sealed 
pressure would force burning through the seal dam and downstream toward the 
drain area where the major damage occurred. No source of the solder 
contamination has been determined and a large capacity 10 micron filter was 
located upstream of the tester. 

Excessive rubbing of the LOX seal hardware could have occurred where there is 
relative motion between seal parts: between the carbon ring and rotating 
mating ring, between the antirotation tangs on the carbon metal band and the 
housing, and between the loading springs and the housing and pilot ring. The 
carbon metal band and pilot ring, both INVAR, were missing at disassembly. 

Only a small portion of the carbon ring and the springs remained at 
disassembly. If the fire started due to rubbing at the LOX seal, greater 
damage would be expected on the upstream and downstream sides of the LOX seal 
housing. 

A concentration of carbon dust in the turbine side drain area was another pos- 
sible source of ignition. The helium seal carbon rings have been wearing dur- 
ing operation due to coning of the mating ring. The concentration of carbon 
dust would be increasing with testing at the turbine side drain area. 
Spontaneous combustion could possibly have caused the explosion and subsequent 
damage in the drain area. 

The tester hardware required to repair the damage caused by the tester burnout 
was fabricated. The drive turbine mounting adapter, drive spline and spline 
adapter were ordered from the same supplier who made the original parts. 

Repair of the test facility was accomplished. Facility instrumentation and 
procedures were improved. All seal temperatures will be measured closer to 
the seals. Helium seal supply pressure will be maintained 68.9 kPa (10 psid) 
greater than the drain pressure. A speed drop automatic cutoff system is 
planned to cut the test if the speed drops to 907o of the test speed after 
conditions have stabilized during a test. Bearing and seal failures have 
indicated a sudden speed drop from steady state operation to speeds 
approximately 90% test speed with some continued operation before the tests 
were cut. Additional high frequency instrumentation will be utilized to 
measure temperatures and pressures at the seals. 
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Build 16 Assembly 

The tester was assembled with new Phase III seal hardware. The LOX seal is 
the same as Phase I, except the carbon seal ring material is grade P692 
instead of P03N and the piston ring material is Vespel SP21 instead of carbon 
P5NR2. The seal was assembled with 8 coil springs with a force of 66.7 N 
(15.0 lb) at the seal installed length. 

The Phase III helium seal is a double floating ring type compared to the Phase 
I and II segmented rings. A new Z shaped helium mating ring will be used to 
minimize operating distortions. The tester shaft has been reworked to provide 
a press fit at the heliiun mating ring pilot for improved operating alignment. 
The seal ring to mating ring radial clearances were 0.0068 cm (0.0027 in.) on 
the LOX side, and 0.0063 cm (0.0025 in.) on the turbine side. 

The new Z-shaped helium seal mating ring has been designed to maintain a 
cylindrical sealing surface at the design operating condition. The original 
T-shape design deflected to a conical sealing surface during operation. The 
circumferential Rayleigh lift pads will not provide lift on a conical sealing 
surface and would result in rapid carbon wear. The Z design features a 45 
degree web conically thinned toward the attachment point at the turbine side 
of the sealing ring. 

Even temperature distribution results on the ring inside diameter from the LOX 
leakage and on the outside diameter from the helium purge. The design thermal 
gradient was determined from estimated operating conditions which resulted in 
the conical deflection of the T-ring as determined from analysis of carbon 
ring wear after testing. Sealing surface deflections of the Z-ring at design 
operating condition were determined using a finite element analysis. 

Tests 223 - 232 


The Phase I test. Schedule II, Liquid Oxygen testing was resumed to complete 
the remaining 10 hours of accumulated time as detailed below. 





LOX Seal 

HEL Seal 


Test Point 

Speed, 

Pressure, 

Pressure, 

Duration 


No. 

rpm 

kPa (psIk) 

kPa (psig) 

hours 


3 

32,000 

1724 (250) 

345 (50) 

0.5 


4 


2068 (300) 


0.25 


5 


2413 (350) 


0.25 

Inspect 

(1 hours) 
6 


2758 (400) 


4 

Inspect 

(5 hours) 
7 


2758 (400) 


5 

Inspect 

(10 hours) 
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A total of 10 tests for 28.49 minutes was performed. The initial tests were 
terminated at start due to facility operation problems. Steady-state data 
obtained on the last three tests indicated that the LOX seal performance was 
satisfactory. The LOX seal steady-state leakage was 0.028 to 0.031 m^/s <60 
to 67 SCFM) at approximately 1724 kPa (250 psig). The leakage rate was 
apparently decreased because of the higher spring load. 

The floating ring helium seal leakage was 0.021 m^/s (45 SCFM) compared to 
approximately 0.005 to 0.009 m^/s (10 to 20 SCFM) on the segmented carbon 
seal; however, the LOX side seal ring apparently lost clearance and wore a 
groove into the mating ring on the first test. The LOX side leakage increased 
from 0.005 m^/s (12 SCFM) on the first test to 0.015 m^/s (33 SCFM). 

The tester was removed for inspection before the scheduled 1 hour inspection 
point due to jerky turning torque on the tester shaft. There was also evi- 
dence of excessive carbon dust in the helium seal drain, indicating carbon 
wear. 

Build 16 Disassembly 

Tester disassembly revealed the jerky turning torque to be caused by flakes of 
chrome plate catching between the LOX side helium seal ring and the mating 
ring. The LOX side seal ring had lost clearance and worn a groove into the 
chrome plated surface of the mating ring. The LOX side carbon seal ring was 
heavily worn and scored. The dam was broken and the lift pads were worn off. 
The turbine side seal ring was worn and scored by the debris from the LOX 
side. The turbine side of the mating ring was scored, but not worn. 

The LOX seal was in excellent condition with no measurable wear and only 
slight traces of rubbing contact. 

The loss of helium seal ring clearance on the LOX side was apparently caused 
by the mating ring running at a warmer temperature than predicted. The addi- 
tional centrifugal growth on the cantlevered LOX side of the Z-ring resulted 
in decreasing the clearance until rubbing contact occurred. The rubbing 
contact heated the ring and caused additional growth until failure occurred. 

Build 17 Assembly 

The tester was reassembled with a new reworked Z shaped helium seal mating 
ring and a new Phase III type double floating ring helium seal. The mating 
ring diameter was reduced to provide diametrical clearances of 0.019 cm 
(0.0076 in.). The static GHe leakages at 345 kPa (50 psig) purge pressure 
were 0.010 m^/s (21.5 SCFM) on the LOX side and 0.0096 m^/s (20.7 SCFM) on 
the turbine side. 

The same LOX seal and mating ring from Build 16 were reinstalled without 
rework. 
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Tests 233 - 239 


The test objective was 30 minutes total with 15 minutes at 2068 kPa (300 psig) 
LOX seal pressure and 15 minutes at 2413 kPa (350 psig) LOX seal pressure. 

A total of seven tests for 31.5 minutes was performed to achieve the test 
objective. The initial tests were terminated due to instrumentation and speed 
control problems. Steady-state data obtained on the last two tests indicated 
that the Rayleigh Step LOX seal performance was satisfactory. The LOX seal 
steady-state leakage was 0.035 to 0.036 m^/s (75 to 77 SCFM) at approxi- 
mately 2068 kPa (300 psig) and 0.039 m^/s (83 SCFM) at 2448 kPa (355 psig). 

The floating ring helium seal leakage was 0.012 m^/s (26 SCFM) on the LOX 
side and 0.008 m-/s (17 SCFM) on the turbine side for a total of 0.020 m^/s 
(43 SCFM) at a purge pressure of 345 kPa (50 psig). The leakage was 
consistent from the first test to the last test, indicating no deterioration 
or wear. 

Build 17 Disassembly 

The tester was removed for a scheduled seal inspection after 31.50 minutes at 
2068 to 2413 kPa (300 to 350 psig) LOX pressure. 

The inspection revealed the seals to be in excellent condition. The LOX seal 
carbon face was polished with no measurable wear. The LOX mating ring showed 
a slight contact pattern with no measurable wear. The static leakage was 
approximately the same as pretest. 

The helium seal with increased diametral clearance 0.018 cm (0.007 in.) was in 
excellent condition. The wear which occurred with 0.013 cm (0.005 in.) dia- 
metral clearance (Build 16) was eliminated. The mating ring had a slight con- 
tact mark from the LOX side dam and a very faint pattern on the turbine side, 
indicating that the new Z shaped mating ring diametral deflections are rela- 
tively uniform. The carbon rings were slightly polished with no measurable 
wear on the lift pads. The posttest static leakage was less than pretest, 
indicating no wear. 

Build 18 Assembly 

The tester was reassembled with the same seal hardware without rework. 

Tests 240 - 259 


The test objective was 4 hours accumulated time at 2758 kPa (400 psig) LOX 
seal pressure. 

A total of 20 tests for 3.41 hours was performed. The LOX seal leakage was 
consistent through the test series at approximately 0.047 m^/s (100 SCFM), 
indicating no wear or deterioration. The LOX seal downstream drain pressure 
was also consistent at approximately 103 kPa (15 psig). The leakage rate and 
drain pressure indicate satisfactory seal performance. 
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The floating ring helium seal leakage was also consistent through the test 
series. The leakage rate varied from 0.021 m^/s (46 SCFM) on the first test 
to 0.020 m^/s (43 SCFM) on the last test at a purge pressure of 345 kPa (50 
psig). 

Build 18 Disassembly 

The tester was removed for inspection after 3.41 hours due to a high vibration 
level. 

The inspection revealed the tester thrust bearing to be failed. The seals were 
in good condition. Seal damage due to the bearing failure was prevented by 
detection of the bearing failure in the preliminary stage. The LOX seal carbon 
face was polished with some light circumferential scratches and slight chipping 
at the inside of the lift pads. There was no measurable wear on either the lift 
pads or the dam. The LOX mating ring had a light contact pattern with faint 
circumferential marks and no measurable wear. The posttest static leakage was 
less than pretest and approximately the same as when new. 

The helium seal was in good condition except for a slight amount of wear. The 
lift pad measurements indicate 0.00025 cm to 0.00076 cm (0.0001 to 0.0003 in.) 
radial wear. The carbon ring inside diameter contact surface was polished with 
some light circumferential scratches. The heliiun mating ring had a heavy rub 
pattern on the LOX side and light rub pattern on the turbine. The rubbing and 
wear probably occurred after the bearing failed. The posttest static leakage 
was approximately the same as pretest on the LOX side and higher on the turbine 
side. 

Build 19 Assembly 

The tester was reassembled with the same LOX seal and mating ring. The same 
helium seal was reinstalled. The helium mating ring wear surface was ground 
down and replated to renew the chrome plating due to the heavy rub pattern 
caused by the tester bearing failure. New bearings were installed. 

1 

Tests 26 


The test objective was 5.59 hours accumulated time at 2758 kPa (400 psig) LOX 
seal pressure to complete the required 10 hours. 

A total of 12 tests for 2.27 hours was performed. The testing consisted of two 
long tests (45 and 67 minutes) and 10 short (0.5 to 7.4 minutes) tests. Several 
tests were cut due to overspeed when the speed suddenly increased while running 
at steady conditions. The last test was cut by the automatic g— level redline 
when the tester vibration level increased to 11.5 g p-p. 

The LOX seal leakage at 2758 kPa (400 psig) was consistent through the test 
series at 0.041 to 0.048 m^/s (88 to 103 SCFM). The leakage is approx- 
imately the same as the previous test series and indicates satisfactory seal 
performance. 
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The helium seal leakage was also approximately the same as the previous test 
series with a variation from 0.020 to 0.022 m^/s (44 to 47 SCFM) at 345 kPa 
(50 psig) purge pressure. 

Build 19 Disassembly 

The tester was removed for inspection after 2.27 hours due to a sudden 
increase in vibration level. 

The inspection revealed the tester thrust bearing to be failed. The bearing 
failure was detected in the preliminary stage before excessive damage was 
encountered. The tester hardware was in good condition, except the outboard 
slave seal carbon was broken by excessive shaft runout when the bearing 
failed. 

The LOX seal was in good condition with no measurable wear. The carbon face 
was polished with some light circumferential scratches and slight chipping at 
the inside of the lift pads and dam. The mating ring had a polished contact 
pattern with faint circumferential marks. The hardware appeared to be in the 
same condition as the previous inspection (Build 18). 

The helium seal was in good condition with no significant wear. The carbon 
ring was polished with some light circumferential scratches. The mating ring 
had a slight rub pattern. The rubbing probably occurred after the bearing 
failed. 

Build 20 Assembly 

The tester was reassembled with the same seal hardware without rework, except 
the helium mating ring OD was burnished to remove the rub pattern. New bear- 
ings and a new outboard slave carbon were installed. 

The tester rotating assembly was rebalanced as a precaution because of the two 
bearing failures (Builds 18 and 19). 

The test facility was modified to separate the LOX seal cavity return line to 
allow increasing the bearing coolant flow and decreasing the bearing cavity 
pressure. It was concluded that the bearing failures were caused by excessive 
thrust load and insufficient coolant flow. The thrust load was reduced by 
lowering the bearing cavity pressure. 

Tests 272 - 295 


The test objective was an additional 3.41 hours at 2758 kPa (400 psig) LoX 
seal pressure to complete the required 10 hours on the test seal for a total 
accumulated time of 20 hours. 

A total of 24 tests for 3.41 hours was performed to achieve the test objective 
and complete the Phase I, Schedule II testing. Several tests were cut due to 
overspeed when the tester speed suddenly increased for no apparent reason. 

The speed was reduced to approximately 28,000 rpm to maintain stable speed 
control. 
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The bearing cavity pressure was reduced and the bearing coolant flowrate was 
increased to lower the tester bearing thrust load and improve the bearing 
cooling for longer bearing life. 

The LOX seal leakage at 2758 kPa <400 psig) was 0.053 to 0.060 m^/s (113 to 
128 SCFM) . The leakage increased slightly from the previous test series; how- 
ever, the increase is not considered significant and the higher leakage is 
satisfactory. 

The helium seal leakage was approximately the same as the previous test 
series . 

Build 20 Disassembly 

The tester was removed for inspection due to completion of the Phase I test 
objective. The inspection after a total time of 10 hours on the LOX seal and 
9.6 hours on the helium seal revealed the seals to be in good condition. The 
LOX seal carbon was polished with faint circumferential rub marks and 
scratches. The surface profile traces (Fig. 69) of the carbon dam and lift 
pads indicate no measurable wear during the 10 hours of testing. The sec- 
ondary element piston ring and carrier ring sealing surface were in good con- 
dition with no visible degraduation. The mating ring had a polished contact 
pattern with faint circumferential rub marks. 

The helium seal was in good condition with no significant wear. The carbon 
ring was polished with slight circumferential rub marks. The mating ring had 
a uniform rub pattern with a light carbon deposit. 

The seal hardware condition is shown on Fig. 70 through 79. 

PHASE III LIQUID OXYGEN ACCELERATION TEST 

Build 21 Assembly 

The tester was reassembled with a new set of Phase III seals for initiation of 
the Phase III acceleration testing. A new Rayleigh Step pad LOX seal with 
P692 carbon seal ring and a Vespel SP21 piston ring was installed with a new 
mating ring. 

A new floating ring Rayleigh Step pad helium seal was installed with the same 
Z shaped mating ring that was used on Builds 19 and 20. The mating ring was 
cleaned to remove the carbon deposit from rubbing contact. A new seal end 
thrust bearing was installed as a precaution to ensure running for the planned 
5 hours. The same cover end bearing was reinstalled. The bearings were in 
good condition after 3.41 hours on Build 20 with the increased coolant flow- 
rate and reduced thrust. 

Tests 296 - 347 


The test objective was 50 acceleration tests to 32,000 rpm in 10 seconds or 
less with a simultaneous LOX seal pressure increase from 137.3 to 2758.0 kPa 
(20 to 400 psig) for a total time of 5 hours. 
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Figure 69. Typical Surface Profile Trace LOX Seal Carbon Ring CF851218-1 (SSCY-5227-2) , 
S/N 01, Posttest 295, Build 20 After 10 Hours 



Figure 70. LOX Seal Carbon Ring CF851218-1, S/N 01 (Phase III P692 Carbon), 
Posttest 295, Build 20 After 10 Hours 
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Figure 71. 


LOX Seal Carbon Ring CF85I218-1, S/N 01, Typical Lift Pad, Posttest 295, 
Build 20 After 10 Hours 


124 














127 


Figure 75. LOX Seal Carrier Ring CD851298, S/N 04, Piston Ring Sealing Surface, 
Posttest 295, Build 20 After 10 Hours 
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Helium Seal 99RS006215, S/N 03, 
Posttest 295, Build 20 After 9.6 
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Figure 78. Helium Seal Typical LOX Side Carbon Ring 99RS006215, S/N 03, 
Posttest 295, Build 20 After 9.6 Hours 


131 



Figure 79. Helium Seal Typical Turbine Side Carbon Ring 99RS006215, S/N 03, 
Posttest 295, Build 20 After 9.6 Hours 


A total of 52 tests for 3.94 hours was performed. The tester was removed for 
inspection prior to the planned 5 hours due to intermittent high vibration and 
abnormal noise during the post test torque check. Twenty-one tests were cut 
due to exceeding the 10 g peak-to-peak redline. Since all other parameters 
indicated satisfactory operation, the g-level redline was increased to 20 g on 
test 334. The vibration level varied from 6 g peak to peak to 20 g peak to 
peak on the remaining tests. 

The acceleration teats were accomplished by pressurizing the drive turbine to 
accelerate the tester to approximately 32,000 rpm within 2 seconds. The LOX 
seal pressure was increased from approximately 20 psig to 400 psig during the 
same time period by opening a motorized valve between the facility LOX pump 
discharge and the LOX seal cavity. 

The LOX seal leakage at 2758 kPa (400 psig) was 0.045 to 0.059 m^/s (96 to 
126 SCFM) . The leakage is in the same range as the previous seal and 
indicates satisfactory performance. 

The helium seal leakage at 345 kPa (50 psig) purge pressure was 0.019 to 0.022 
m^/s (41 to 48 SCFM) and was generally higher after the initial tests, 
indicating wear. 

Build 21 Disassembly 

Inspection revealed the LOX side helium seal ring had lost clearance to the 
mating ring and worn a groove approximately 0.0076 to 0.0100 cm (0.003 to 
0.004 in.) deep into the chrome plated surface (Fig. 80). The LOX side carbon 
seal ring was worn 0,0038 cm (0.0015 in.) diametral and scored from rubbing 
contact. The LOX side lift pads were worn completely off. The turbine side 
mating ring surface was scored and the carbon was worn 0.0033 cm (0.0013 in.) 
diametral. 

The high tester vibration and abnormal noise posttest apparently were caused 
by the failed helium seal. 

The helium seal ring diametral clearance was 0.0150 cm (0.0059 in.) pretest 
compared to 0.0193 cm (0.0076 in.) on the previous successful seals. The 
lower seal clearance apparently is insufficient to provide for the clearance 
decrease due to thermal contractions and centrifugal growth. A new mating 
ring was reworked to provide 0.0190 to 0.0203 cm (0.0075 to 0.0080 in.) 
diametral clearance on the next build. 

The LOX seal and mating ring were in good condition. The carbon was polished 
with no measurable wear. The mating ring surface had a light carbon deposit 
with circumferental marks and three small sysmetrical dark spots (Fig. 81). 

The dark spots apparently result from rubbing contact during transient opera- 
tion due to a resonant frequency deflection of the mating ring. The spots are 
not considered a problem unless wear occurs. 
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Figure 80. 


Surface Profile Trace of Helium Seal Mating Ring RS010476X, 
S/N 001-1, Posttest 347, Build 21 




Build 22 Assembly 


TliG tGstGC wus r©ftss©niblGd with th© SGun© LOX s©©l ©nd m&ting cing without 
r©work. 

A n©w floating ring Rayl©igh Stop pad h©lium s©al was install©d with a n©w Z 
shap©d mating ring which had b©©n r©work©d by grinding th© outsid© diamet©r 
and r©plating to incroas© th© s©al ring clearanc©. The diametral clearance 
was increased from 0,0152 to 0.0203 cm (0.0060 to 0.0080 in.) due to th© wear 
which occurred on Build 21. 

The rotating assembly was rebalanced with the new helium mating ring. A new 
seal end thrust bearing was installed. The same cover end bearing was 
reinstalled. 

Tests 348 - 417 


The test objective was 50 acceleration tests to 32,000 rpm in 10 seconds or 
less with a simultaneous LOX seal pressure increase from 138 to 2758 kPa (20 
to 400 psig) for a total time of 5 hours. 

A total of 70 tests for 5.23 hours was performed to complete the test objec- 
tive. Stable data were obtained on all but seven of the tests. The LOX seal 
leakage varied from 0.050 to 0.032 m^/s (107 to 69 SCFM) at approximately 
2758 kPa (400 psig) and generally decreased during the test series, indicating 
excellent seal performance. The leakage was generally less than on Build 21 
when the seal was new. 

The helium seal leakage at 345 kPa (50 psig) purge pressure was steady at 
approximately 0.020 to 0.021 m^/s (44 to 46 SCFM). The leakage did not 
change during the test series, indicating no wear or deterioration. 

Build 22 Disassembly 

Inspection revealed both seals to be in good condition. The LOX seal carbon 
was polished with no measurable v?ar. The mating ring had a light carbon 
deposit with circumferential marks and appeared the same as pretest 348. The 
three small symmetrical dark spots which were present post test 347, appeared 
to smooth out and were nearly gone. 

The helium seal with the seal ring clearance increased to 0.0203 cm (0.0080 
in.) diametral was in good condition with no significant wear. The mating 
ring had a carbon deposit from rubbing contact which was heavier on the LOX 
side. 

The seal ring diametral clearance was the same post test as pretest. The 
increased clearance was apparently sufficient to provide for the clearance 
decrease due thermal contraction and centrifugal growth which caused the 
failure on Build 21. 
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Build 23 Assembly 


The tester was reassembled with the same LOX and helium seal hardware without 
rework, except the LOX seal carbon was lapped and the helium seal mating ring 
was cleaned. 

The tester bearings were replaced with slightly used bearings. 

Tests A18 - 490 


The test objective was 60 acceleration tests from 0 to 32,000 rpm in 10 
seconds or less with a simultaneous LOX seal pressure increase from 138 to 
2758 kPa (20 to 400 psig). The scheduled test duration was 6 minutes each for 
6 hours total. 

A total of 73 tests for 6.11 hours was performed to complete the test objec- 
tive. This 6 hours increased the total time on the Phase III seal hardware to 
15.28 hours, completing the Phase III objective. 

The LOX seal leakage varied from 0.054 to 0.042' a3/s (117 to 90 SCFM) at 
approximately 2758 kPa (400 psig) sealed pressures and generally decreased 
during the test series. The leakage was similar to Build 21 when the seal was 
new. 

The helium seal leakage at 345 kPa (50 psig) purge pressure was steady from 
0.019 to 0.022 m^/s (42 to 48 SCFM). The leakage did not change during the 
test series, indicating no wear or deterioration. 

Build 23 Disassembly 


Inspection revealed both seals to be in good condition. The LOX seal mating 
ring is shown in Fig. 82 and 83. The mating ring surface had a light contact 
pattern with four symmetrical spots in the area near the center of the lift 
pads. Profile measurements (Fig. 84) indicated the maximum height of the spot 
near the antirotation slot was 0.00038 cm (0.000150 in.) The carbon ring was 
worn on the surface of the lift pads by the mating ring high spots as shown in 
Fig. 85 and 86. Profile measurements (Fig. 87) indicated the wear depth was 
0.00063 cm (0.000250 in.). The LOX seal carbon face wear was 0.00025 cm 
(0.0001 in.). Static leakage posttest increased 22% compared with pretest. 

The helium seal hardware was in good condition as shown in Fig. 88 through 
91. The mating ring had a carbon deposit from rubbing contact which was 
heavier on the LOX side. The LOX side carbon ring lift pad recesses were 
reduced 0.00025 cm (0.0001 in.) due to wear. The turbine side carbon ring 
indicated no wear. 

PHASE IV RAYLEIGH STEP LOX CHECKOUT TEST 
Build 1 Assembly 

The tester was assembled with new Phase IV LOX and helium seal hardware. The 
LOX seal consists of a Phase III type Rayleigh Step hydrodynamic carbon P692 
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Figure 82. LOX Seal Mate Ring CF851226, S/N 05, Posttest 490, Build 23 
After 15.28 Hours 
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Figure 84. Surface Profile Trace at High Spot on LOX Mate Ring CF851226, 
S/N 05, Posttest 490, Build 23 After 15.28 Hours 
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Figure 85. LOX Seal Carbon Ring CF851218-1, S/N 02 (Phase III P692 Carbon), 
Posttest 490, Build 23 After 15.28 Hours 
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Figure 86. LOX Seal Carbon Ring CF851218-1, S/N 03, Typical Lift Pad, 
Posttest 490, Build 23 After 15.28 Hours 
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Figure 87. Surface Profile at Wear Spot, Lox Seal Carbon Ring CF851218-1 
S/N 02, Posttest 490, After 15.28 Hours, Build 23 
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Figure 88. Helium Seal 99RS006215, S/N 04, and Mating Ring RS010476X, S/N 003, 
Posttest 490, Build 23 After 11.34 Hours 


TURBINE SIDE 


LOX SIDE 





TURBINE SIDE 


Helium Mating Ring RS010476X 
Build 23 After 11.34 Hours 


'i 

Iv' 

1 

1 

m 


145 








Helium Seal, Typical Turbine Side Carbon Ring 99RS006215 
Posttest A90, Build 23 After 11.34 Hours 







seal ring with a segmented Vespel SP211 secondary sealing element. The three- 
segment seal replaces the split piston ring used on Phase III for more 
effective sealing. 

A typical profile trace of the LOX seal Rayleigh Step lift pads is shown on 
Fig. 92. The recess pad depth was approximately 0.0023 cm (0.0009 in.). The 
carbon ring and mating ring were flat within one helium light band. The flat- 
ness did not change significantly with the mating ring installed. The seal 
was installed with 0.1295 cm (0.051 in.) compression using eight springs with 
an installed load of 54.3 N (12.2 lb.). 

The Phase IV helium purged intermediate seal has six spring loaded carbon G84 
segments on the LOX and turbine sides. The seal is run on a Z-shaped Inconel 
903 mating ring to reduce distortion. A typical profile trace across the 
Rayleigh Step lift pad is shown on Fig. 93 for the turbine side and on Fig. 94 
for the LOX side. 

Tests 1-10 


The test objective was to perform four Liquid Oxygen Checkout tests of 15 
minutes duration each at 30,000 rpm with LOX seal pressures of 1034, 1724, 

2413 and 2758 kPa (150, 250, 350 and 400 psia) and helium seal pressures of 
345 and 689 kPa (50 and 100 psia). 

A total of 10 tests for 52.3 minutes was performed to complete the test objec- 
tive. Stable data were obtained for each test point. The LOX seal leakage 
varied from O .042 m^/s (91.4 SCFM) at 931 kPa (135 psia) to 0.052 m^/s 
(110.8 SCFM) at 2620 kPa (380 psia). The helium seal leakage varied from 
0.0017 m^/s (3.62 SCFM) at 358 kPa (52 psia) to 0.0059 m^/s (12.74 SCFM) 
at 731 kPa (106 psia). 

Build 1 Disassembly 

Inspection revealed the seals to be in excellent condition. The LOX seal 
carbon face was polished with 0.0001 inch wear (Fig. 95). The LOX mating ring 
had a light polished contact pattern at the dam, the pad outer land and the 
pad inner land. The LOX mating ring surface profile trace (Fig. 96) indicated 
no measurable wear. The segmented Vespel secondary seal was in excellent 
condition with a uniform polished contact pattern. The posttest static leak- 
age was less than when the seal was installed new, indicating that the face 
sealing dam and the secondary seal condition improved during the test. 

The helium seal carbon segments were polished with a uniform contact pattern. 
The LOX side segments were worn evenly across the dam and pads 0.0005 cm 
(0.0002 in.) (Fig. 97). The turbine side segments were worn with a slight 
taper from 0.0005 cm (0.0002 in.) on the inner land to 0.0010 cm (0.0004 in.) 
on the outer land and 0.0007 cm (0.0003 in.) on the dam (Fig. 98). The mating 
ring had a uniform contact pattern with a light carbon deposit. The surface 
profile trace (Fig. 99) indicated no measurable wear. The posttest static 
leakage was approximately the same as pretest, indicating no deterioration 
during the testing. 

The seal hardware condition is shown on Fig. 100 through 104. 
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Figure 92. Typical Surface Profile Trace LOX Seal Face Position 1 P/N SSCY5636-8 
(New), S/N 097704, Pretest 1, Build 1 
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Figure 93. Typical Surface Profile Trace of Turbine Side Helium Seal 
Segment C-11-1 (New), Pretest 1, Build 1 
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Figure 94. Typical Surface Profile Trace of LOX Side Helium Seal 
Segment C-3-1 (New), Pretest 1, Build 1 
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Figure 95. Typical Surface Profile Trace LOX Seal Face Position 1 P/N SSCY5636— 8, 
S/N 097704, Posttest 10, Build 1 
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Figure 96. Surface Profile Trace LOX Mating Ring P/N SSCY4685-7, 
S/N C97502, Posttest 10, Build 1 
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Figure 98. Surface Profile Trace of Turbine Side Helium Seal 
Segment C-11-1, Posttest 10, Build 1 
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Figure 99. Surface Profile Trace Helium Mating Ring RS010476X, 
S/N 5, Posttest 10, Build 1 
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LOX Mating Ring SSCY4685-7, S/N 02, Posttest 10, Build 1 
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Figure 102. Helium Seal LOX Side Carbon Segments P/N 201001, S/N C3, Posttest 10, 
Build 1 
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PHASE IV RAYLEIGH STEP LOX ACCELEEIATION TEST 
Build 2 Assembly 

The tester was reassembled using the same seal hardware without rework. A new 
static spring seal was installed with the LOX mating ring due to the previous 
seal being too short to properly load the ring. A recheck of the mating ring 
installed flatness indicated that the flatness increased from 1 to 2 HLB in 
the free position to 4 to 5 HLB installed. 

Tests 11 - 77 


The test objective was 50 tests of 6 minutes duration each for a total time of 
5 hours at a LOX seal pressure of 2758 kPa (400 psia) and helium seal pressure 
of 345 kPa (50 psia). The tester was accelerated to 30,000 rpm in approxi- 
mately 10 seconds with a simultaneously LOX seal pressure rise from 138 to 
2758 kPa (20 to 400 psia). 

A total of 67 tests for 299.6 minutes was performed to complete the test 
objective. The first 18 tests were performed with helium seal pressures of 
565 to 696 kPa (82 to 101 psig) to evaluate the capability of higher pressure 
operation in anticipation of future use on the Space Shuttle oxidizer 
turbopump. 

The helium seal performance was satisfactory at the higher pressures with 
leakage rates from 0.0019 to 0.0028 m^/s (4 to 6 SCFM) ; however, the facil- 
ity drive turbine starting torque was marginal due to the higher friction drag 
of the helium seal at the increased pressure level. 

The helium pressure was reduced to the original requirement of 345 kPa (50 
psia) because of speed control problems. The helium seal leakage rate at 241 
kPa (35 psig) was approximately 0.0014 to 0.0023 m^/s (3 to 5 SCFM). 

The LOX seal performance was satisfactory with the leakage varying from 
approximately 0.051 to 0.060 m^/s (110 to 130 SCFM) at 2758 kPa (400 psig) 

LOX pressure. 

Build 2 Disassembly 

Inspection after 67 tests and 5 hours revealed the seals to be in excellent 
condition with no significant additional wear since the initial one hour 
checkout test. The LOX seal carbon face was polished with light circumferen- 
tial scratches and no measurable wear. The LOX mating ring had a light 
polished pattern at the dam, the pad inner land and the pad outer land. The 
surface profile trace indicated 0.000025 cm (0.00001 in.) wear at the outer 
land, no wear at the inner land and 0.000012 cm (0.000005 in.) wear at the dam 
outside diameters. The posttest static leakage was approximatly the same as 
pretest, indicating no deterioration during the 5-hour test. 

The helium seal carbon segments were polished with uniform contact and no sig- 
nificant additional wear since the initial 1-hour checkout test. The mating 
ring had a uniform contact pattern with a light carbon deposit. The contact 
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pattern appeared the same as pretest. The surface profile trace indicated no 
measurable wear. The posttest static leakage after the 5-hour test was 
approximately the same as the posttest leakage after the initial 1-hour test. 

Build 3 Assembly 

The tester was reassembled using the same hardware without rework. 

The tester bearings were inspected in place on the shaft and found to be in 
satisfactory condition. The same bearings were reinstalled. 

Tests 78 - 133 


The test objective was 50 tests of 6 minutes duration each, for a total of 5 
hours to complete the 10 hour requirement at a LOX seal pressure of 2758 kPa 
(400 psia) and helium seal pressure of 345 kPa (50 psia). The tester was 
accelerated to 30,000 rpm in approximately 10 seconds with a simultaneous LOX 
seal pressure rise from 138 to 2758 kPa (20 to 400 psia). 

A total of 56 tests for 302.8 minutes were performed to complete the test 
objective. The performance of both seals was consistently satisfactory. 

The LOX seal leakage averaged approximately 0.079 m^/s (170. SCFM) with a 
variation from 0.070 to 0.084 m^/s (150 to 180 SCFM) at 2482 to 2723 kPa 
(360 to 395 psig) . The leakage during the last 5 hours of testing was very 
consistent, indicating no deterioration in seal performance (Fig. 105). 

The helium seal leakage varied from 0.0019 to 0.0037 m^/s (4 to 8 SCFM) at 
345 kPa (50 psia) with an increasing trend between 7 and 9 hours of testing. 
The leakage leveled off at 0.0033 to 0.0037 m^/s (7 to 8 SCFM) during the 
last 2 hours of testing (Fig. 106). 

Build 3 Disassembly 

Inspection after 56 tests and 5.05 hours (total 133 starts and 10.91 hours) 
revealed the seals to be in excellent condition with no additional wear since 
the inspection at 5.86 hours. 

The LOX seal carbon face was polished with light circumferential scratches and 
no measurable wear (Fig. 107). The segmented Vespel SP211 secondary sealing 
element was in excellent condition with an even polished pattern on the Vespel 
and a uniform contact pattern on the pilot ring. There was no visible wear or 
deterioration on either the Vespel segments or the pilot ring surface. The 
LOX mating condition was the same as when inspected at 5.86 hours with a light 
polished pattern at the dam, pad inner land and pad outer land. The surface 
profile trace (Fig. 108) indicated that the wear at the dam outside diameter 
had not changed since the last inspection. 


162 



LEAKAGE 








S/N 097704, Posttest 133, Build 3 (10.91 Hours) 


o^ 

Ln 



166 



Figure 108. Surface Profile Trace LOX Mating Ring P/N SSCY4685-7, 
S/N 02, Posttest 133, Build 3 (10.91 Hours) 





The helium seal carbon segments were polished with uniform contact and light 
circumferential scratches. The surface profile traces (Fig. 109 and 110) 
indicated no additional wear during the last 5 hours of testing. There has 
been no significant wear since the initial 52.3 minute checkout test. The mat- 
ing ring had a uniform contact pattern with a light carbon deposit. The con- 
tact pattern has appeared the same since the first inspection. The surface 
profile trace (Fig. Ill) indicated no measurable wear. The static leakage is 
approximately the same as new on the turbine side. The LOX side leakage at 

345 kPa (50 psig) increased from 540 to 1080 cm^/s (2000 to 4000 SCIH) . 

The seal hardware condition is shown in Fig. 112 through 116. 

PHASE IV SPIEIAL GROOVE LOX CHECKOUT TEST 

Build 4 Assembly 

The tester was assembled with a new Phase IV inward pumping spiral groove LOX 
seal and segmented carbon helium seal (refer to page 26 for description of 
seal concept). The Phase IV spiral groove LOX seal uses the Phase III housing 
and Vespel SP211 split piston ring. The P692 carbon sealing ring is the same 
as Phase HI. except the sealing face is a plain flat surface. The spiral 
grooves are etched into the hard chrome plated surface of the rotating mating 
ring. 

A typical profile trace of the carbon sealing face is shown in Fig. 117. The 
carbon surface was flat within 3 helium light bands . 

A typical profile trace of the spiral groove mating ring surface is shown in 
Fig. 118. The spiral groove depth measured 0.00038 to 0.00050 cm (0.00015 to 
0.00020 in.). The mating ring surface was flat within 3 to 4 HLB in the free 
position and within 2 HLB after installation in the tester. The mating ring 
axial runout was 0.0013 cm (0.0005 in.) total. 

The LOX seal was installed with 0.20 cm (0.079 in.) compression using 14 
equally spaced springs with an installed load of 59.2 N (13.3 lb). The static 
GN 2 leakage was 0.0023 m^/s (5.0 SCFM) at 345 kPa (50 psig) and O.OlO 
m3/s (21.5 SCFM) at 2068 kPa (300 psig). 

Typical profile traces of the six-segment helium seal are shown in Fig. 119 
for the turbine side and in Fig. 120 for the LOX side. 

Tests 134 - 142 

A total of 9 tests for 630 seconds was performed on a new Phase IV inward 
pumping spiral groove LOX seal and Rayleigh Step segmented carbon helium 
seal. The testing was terminated due to high vibration, erratic speed control 
and excessive LOX seal leakage. 

The first test (134) was cut off at start by the automatic vibration redline 
of 20 g peak to peak. The next six tests (135 - 140) were cut off due to 
speed control problems. The tester did not start at the normal turbine pres- 
sure level and the speed was erratic, indicating a variation in seal drag 
torque. The LOX seal leakage typically spiked up at start of rotation and 


167 



168 



Figure 109. Surface Profile Trace of LOX Side Helium Seal 

Segment C-3-1, Posttest 133, Build 3 (10.91 Hours) 
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Figure IIQ. Surface Profile Trace of Turbine Side Helium Seal 

Segment C-11-1, Posttest 133, Build 3 (10.91 Hours) 
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Figure 111, Surface Profile Trace Helium Mating Ring 
RS010476X, S/N 5, Posttest 133, Build 3 
(10.91 Hours) 
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LOX Seal Carbon Ring SSCY5636-8, S/N 04 
(10.91 Hours) 






Figure 114. Helium Seal LOX Side Carbon Segments P/N 201001 S/N 3 
Posttest 133, Build 3 (10.91 Hours) (Phase IV) 
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Figure 115. 


Helium Seal Turbine Side Carbon Segments P/N 201001 
Posttest 133, Build 3 (10.91 Hours) 
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Figure 116. Helium Mating Ring RS010476X, S/N 5, Posttest 133, Build 3 
(Phase IV) 



176 


0.020 IN. 


A- 


PROFILE; PART NO. □ LINEAR 

0^OTAL □ ROTARY 

□ WAVINESS date Q MICROCORDER 

□ ROUGHNESS □ PROFICORDER AT RPM 



Figure 117. Typical Surface Profile Trace of Spiral Groove LOX Seal Carbon Seal 
Ring SSCY 6563, S/N 067802, Pretest 134, Build 4 
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Figure 118. Typical Profile Trace of Spiral Groove LOX Seal Mating 
Ring RS009696E, S/N 1, Pretest 134, Build 4 
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Figure 120. Typical Surface Profile Trace of Turbine Side Helium Seal 
Segment C-10-1, Pretest 134, Build 4 


gradually decreased during each test. The LOX seal pressure level was also 
difficult to maintain, indicating excessive variation in LOX seal leakage. 

Test 141 was run for 363 seconds; however, the speed was erratic with a varia- 
tion of approximately 2000 rpm, indicating inconsistent seal drag torque. The 
LOX seal pressure gradually dropped from 2344 to 1448 kPa (340 to 210 psig) 
during the test, indicating deterioration of the LOX seal. 

The final test 142 was cut off at 168 seconds due to indication of excessive 
LOX seal leakage. The leakage orifice differential pressure pegged out and 
the temperature at the orifice indicated liquid flow. Visual observation of 
the LOX seal drain indicated a full stream of liquid spraying out of the drain 
exit. 

The maximum LOX seal pressure which could be obtained was 1138 kPa (165 
psig). The LOX seal drain cavity pressure increased to 483 kPa (70 psig) and 
LOX was leaking through the helium purged intermediate seal and out of the 
turbine side drain. 

Build 4 Disassembly 

Disassembly inspection revealed the LOX seal spiral grooves to be completely 
worn off. The surface of the chrome plated Monel mating ring was worn 0.028 
to 0.063 cm (0.011 to 0.025 in.) (Fig. 121). The carbon seal ring surface 
worn 0.102 to 0.152 cm (0.040 to 0.060 in.) with excessive pitting (Fig. 

122). The carbon ring had slipped at the interference fit to the Invar 
retainer band and was cocked. The interference fit was apparently reduced by 
excessive heat from the heavy rubbing. The other components of the seal were 
in good condition. 

The helium seal indicated heavy rubbing contact at one spot on the mating ring 
from excessive eccentric rotation. The remainder of the mating ring surface 
showed light rubbing contact. There was no measureable wear on the LOX side 
segments. The turbine side segment wear was 0.00025 to 0.00076 cm (0.0001 to 
0.0003 in.). One LOX side segment was broken at two places, apparently from 
excessive eccentric motion of the shaft caused by heavy rubbing at the LOX 
seal. The turbine side segments were in good condition except for the wear. 
The data indicate that the helium seal damage was a result of the LOX seal 
failure. 

Investigation of the Phase IV spiral groove LOX seal failure indicated that 
the heavy face rubbing was caused by marginal force balance. The original 
design was biased toward the minimum operating gap to minimize leakage. 
Operation apparently reduced the face gap sufficient to cause rubbing contact. 
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Figure 122. Spiral Groove LOX Seal Carbon Seal Ring SSCY 6563-1, S/N 01, 
Posttest 142, Build 4 
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The force balance was revised by reducing the inside diameter of the carbon 
sealing face from 7.302 to 7.023 cm (2.875 to 2.765 in.). The smaller face ID 
will increase the opening force and allow the seal to operate at a larger face 
gap to minimize rubbing contact. 

The remaining three original seal rings, part number SSCY 6563-1, were 
returned to Stein Seal Company for replacement of the carbon ring. The origi- 
nal Invar 36 FM retainer band was used with a new smaller ID carbon ring to 
make the new Mod I seal ring assembly, part number SSCY 6888-1. 

B uild 5 Assembly 

The tester was assembled with a new Mod I inward pumping spiral groove LOX 
seal and a new six segment carbon helium seal. 

Tests 1A3 - 145 


Pretest 143 when the LOX seal was initially pressurized the leakage was exces- 
sive. The tester turning torque increased from 2.26 J (20 in. -lb) at 0 LOX 
pressure to 15.2 J (135 in. -lb) at 2413 kPa (350 psig), indicating that the 
seal was being loaded closed by the pressure. 

Test 143 was started at a LOX seal pressure of 965 kPa (140 psig). At start, 
the drain pressure and the leakage orifice pressure increased, indicating 
increased leakage. The test was cut after 2 seconds due to the vibration 
level exceeding the redline of 20 g peak to peak. At cutoff with the LOX seal 
pressure steady at 1034 kPa (150 psig), the drain pressure and leakage orifice 
pressure dropped to near zero, indicating lower leakage than pretest. 

Test 144 started with the LOX seal pressure at 965 kPa (140 psig). The drain 
pressure spiked up at start and dropped back to near zero at cutoff. The 
leakage orifice temperatures dipped slightly at start and returned at cutoff. 
The test was cut off at 3 seconds due to high vibration. 

Test 145 also started with the LOX seal pressure at 965 kPa (140 psig). The 
drain pressure and temperature were similar to test 143, except at cutoff they 
were erratic, indicating seal damage. 

Posttest 145, the LOX seal leakage was excessive with the LOX pouring out of 
the drain and outboard slave seal. The tester turning torque with the LOX 
seal pressurized to 862 kPa (125 psig) was erratic and high. 

B uild 5 Disassembly 

Disassembly inspection revealed the spiral groove LOX seal to be rubbed and 
worn. The spiral grooves were worn off the mating ring surface (Fig. 123). 

The carbon seal ring surface was worn 0.0010 to 0.0056 cm (0.0004 to 0.0022 
in.) (Fig. 124). The other components of the seal were in good condition. 

The helium seal was in excellent condition, except the LOX segment dam was 
broken at installation. The carbon was polished with no measureable wear. 

The mating ring surface had a light contact pattern with no visible wear. 
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Figure 123. Spiral Groove LOX Seal Mating Ring RS00969GE (C28-2500-015) , S/N 02, 
Posttest 145, Build 5 
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Figure 124. Spiral Groove LOX Seal Carbon Seal Ring SSCY 6888-1, S/N 01, 
Posttest 145, Build 5 
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Design review indicated that the wide sealing dam concept used by Crane on the 
more recent spiral groove designs may not be satisfactory for cryogenic fluids 
due to excessive force variation caused by vaporization of the fluid across 
the sealing interface. The spiral groove design was revised to be similar to 
the narrow dam concept used on the successful small high-speed LOX seal pro- 
gram. The spiral groove inside diameter was changed from 8.412 to 7.671 cm 
(3.312 to 3.020 in.). The spiral groove depth was changed from 0.0005 to 
0.0010 cm (0.0002 to 0.0004 in.) for improved lift at the larger operating 
sap. 

The existing spiral groove mating rings were reworked by Crane Packing Company 
to incorporate the revised design. 

Build 6 Assembly 

The tester was assembled with a new Mod II spiral groove LOX seal mating ring 
which was reworked by Crane Packing Company to incorporate the narrow dam 
concept . 

A new carbon seal ring with decreased inside diameter (same as Build 5) was 
installed. A new piston ring and pilot ring was installed. The housing was 
the same as Build 5. 

The LOX seal static leakage at assembly indicated a significant improvement 
compared to the previous wide dam spiral groove seal. 

A typical profile trace of the spiral groove mating ring surface is shown in 
Fig. 125. The spiral groove depth measured 0.0010 cm (0.00040 in.). 

The same Rayleigh Step segmented carbon helium and mating ring that was used 
on Build 5 was installed. 

T ests 146 - 169 

The test objective was to perform four tests of 15 minutes duration each with 
liquid oxygen at pressure increments of 1034, 1724, 2413 and 2758 kPa (150, 
250, 350, and 400 psia) at 30,000 rpm. 

The 1034 kPa (150 psia) tests were completed with a total of 23 starts and 
1235 seconds. The 1724 kPa (250 psia) test was terminated due to a sudden 
increase in LOX seal drain pressure and leakage. 

The spiral groove LOX seal performance at 1034 kPa (150 psig) was satisfactory 
with low leakage. The measured leakage varied from 0.005 to 0.020 m^/s (11 
to 44 scfm) at LOX pressures from 552 to 1103 kPa (80 to 160 psig). The drain 
temperature at the leakage orifice also indicated low leakage with ambient 
temperature gas at the drain exit. The data indicate satisfactory functioning 
of the seal. 

The LOX seal performance at 1724 kPa (250 psia) was satisfactory with steady 
operation and low leakage prior to the sudden increase in leakage and drain 
pressure. The prefailure conditions indicated that both seals were function- 
ing properly. 
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Figure 125. Typical Surface Profile Trace of Spiral Groove Mating 
Ring P/N RS009696E-1 (New), S/N 02 


Build 6 Disassembly 


Disassembly inspection revealed the spiral groove LOX seal to be rubbed and 
worn. The spiral groove mating ring surface was worn 0.0034 cm (0.0005 in.) 
(Fig. 126 and 127). The carbon seal ring surface was worn 0.083 to 0.132 cm 
(0.121 to 0.0192 in.). The other components of the seal were in good 
condition. 

The helium seal was in good condition, except the LOX segment dam which was 
chipped during a previous installation. The carbon was polished with 0.0007 
to 0.0021 cm (0.0001 to 0.0003 in.) wear. The mating ring surface had a light 
contact pattern. 

Analysis of the Phase IV Crane inward pumping spiral groove LOX seal indicates 
that reducing the sealing dam width, optimizing the groove to land ratio and 
revising the angle of the spiral will increase the face gap and leakage rate, 
decrease the power loss and maintain adequate film stiffness. The increased 
face gap will reduce rubbing contact. The increased leakage will improve 
cooling of the seal ring and mating ring. The lower power loss will result in 
less heat generation at the seal face. The lower heat generation and improved 
cooling will minimize thermal distortion of the sealing faces. 

Build 7 Assembly 

The tester was assembled with a new spiral groove LOX seal mating ring which 
was reworked by Crane Packing Company to incorporate a reduced sealing dam 
width, revised angle of the spiral groove, and an optimized groove to land 
ratio. The spiral groove depth measured 0.0018 cm (0.0007 in.). The spiral 
groove dieuneter was 7.569 cm (2.980 in.). 

A new carbon ring was installed. The housing, pilot ring, and piston ring 
were the same hardware used in Build 6. The helium seal assembly and mating 
ring were the same as Build 6. 

Tests 170 - 176 


The test objective was to perform four tests of 15 minutes duration each with 
liquid oxygen at pressure increments of 1034, 1724, 2413 and 2758 kPa (150, 
250, 350 and 400 psia) at 30,000 rpm. The 1034, 1724 and 2413 kPa (150, 250 
and 350 psi) tests were completed. Two tests at 1034 kPa (150 psia) for 904 
seconds were performed. The first test was cut off prematurely due to a speed 
control problem. The second 1034 kPa (150 psia) test was of successful pro- 
grammed duration with steady-state operation. Three starts at 2586 kPa (375 
psia) for 14 seconds were then made. The first two tests were prematurely cut 
off due to speed control problems. The third start at 2586 kPa (375 psia) 
resulted in an explosion and subsequent fire. 

The LOX seal performance at 1034 kPa (150 psig) was satisfactory with low 
leakage. The measured leakage during the steady-state duration run was 0.011 
m^/s (24 SCFM) . The drain temperature at the leakage orifice also indicated 
low leakage with slightly less than ambient temperature gas at the drain 
exit. The data indicate satisfactory function of the seal during steady-state 
operation. 
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Figure 126. Typical Surface Profile Trace of Spiral Groove Mating Ring 
P/N RS009696E-1, S/N 031, Posttest 169, Build 6 




The leakage was excessive prior to start, increased at start, decreased after 
100 seconds and held steady for the remainder of the test. 

The LOX seal also performed well at 1724 and 2413 kPa (250 and 350 psig). The 
measured steady— state leakage at 1724 kPa (250 psig) was 0.009 m^/s (20 
SCFM) . Ambient temperature gas at the leakage orifice indicated low leakage. 
At a LOX pressure 2344 kPa (340 psig), the measured leakage was 0.011 m^/s. 

The data indicate satisfactory function of the seal during steady-state opera- 
tion. The pretest 172 static leakage was excessive. The leakage increased at 
start, then decreased after 20 seconds and stablized at the lower level. The 
pretest 173 static leakage was satisfactory. The leakage increased at start, 
then decreased and stablized after 10 seconds. 

The first two starts at 2586 kPa (375 psig) showed the LOX seal to be perform- 
ing satisfactorily. The measured leakage varied from 0.013 to 0.016 m^/s 
(28 to 34 SCFM). The drain temperature at the orifice indicated low leakage 
with ambient temperature gas at the drain exit. The pretest static leakage 
was satisfactory on both tests. 

The start of the last test at 2586 kPa (275 psia) LOX pressure was satisfac- 
tory with no indication of a problem prior to the explosion. The speed spiked 
up to 18,000 rpm, dropped to zero, increased to 10,000 rpm for 2 seconds, 
increased to 19,000 rpm and leveled off for 1.5 seconds prior to the explo- 
sion. The high frequency data trace is shown in Fig. 128. The start trans- 
ient was similar to the previous tests. The accelerometer vibration level was 
low (2 g peak to peak) and did not indicate rubbing contact. The LOX seal 
upstream and downstream temperatures were normal prior to the explosion. 

The tester seal area was severely damaged by the explosion and fire. Five 
holes were burned through the tester housing in the seal drain area. The 
tester seal drain cavity was burned out. The LOX seal drain manifold was 
burned off. The turbine mounting adapter was broken off due to the force of 
the explosion. There was extensive facility damage to the plumbing, tubing, 
wiring, instrumentation, and drive turbine. 

Build 7 Disassembly 

The tester was disassembled due to fire damage. Extensive burning occurred in 
the LOX and helium seal areas. All the bolts holding the LOX seal flange were 
broken in tension from the explosion force on the high pressure side. 

There were five holes burned through the tester housing. One hole was burned 
through the helium seal drain and the outboard slave seal housing. Two holes 
were burned though the helium seal drain. One hole was burned through the LOX 
seal drain and one large hole was burned through both the LOX and helium seal 
drains. 

The outboard slave seal carbon ring was missing and the housing severely 
burned. The outboard slave seal mating surface was clean at the carbon con- 
tact area but burned elsewhere, indicating burning after rotation had 
stopped. The complete helium seal assembly was burned out except for three 
sections of the outer housing. The helium seal mating ring was completely 
burned away. 
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Figure 128. High-Frequency Data Trace, Test 176 



The LOX seal housing was severely burned on the downstream side. The upstream 
side was relatively clean. The flange was burned through at the spring holes 
and in two areas behind the pilot ring. The pilot ring and springs were com- 
pletely burned away. The carbon seal ring was intact except for four breaks 
through the section. The back side of the carbon was clean with no erosion. 
Half of the Invar retainer band was burned away. The face of the carbon was 
worn and scored from rubbing, There was no burning on the face except for 
some erosion at the inside corner. 

The LOX seal mating ring surface was worn and scored from rubbing contact. 

The spiral grooves were completely worn off. The surface was relatively clean 
with no rotational burning in the wear tract. The outer part of the face had 
a slag deposit and some spot burning which apparently occurred after rotation 
stopped. The back side of the mating ring was clean. 

The inboard slave seal mating ring face was burned and partially grooved on 
the carbon contact area. The burning continued uniformly across the face 
tovmrd the outer diameter indicating the burning occurred after rotation had 
stopped. The face of the carbon ring was burned and had slag on the outer 
half. The slag pattern indicates that it was deposited after rotation had 
stopped. The back side of the mating ring and the inner face of the carbon 
ring shov; no burning. 

Burning into the shaft occurred after rotation in three places equally spaced 
over 2/3 of the circumference. The shaft burning ran away from the LOX mate 
ring surface and appeared to have been pressure fed. The bearings were in 
good condition v-fith no evidence of burning. 

The hardv/are condition is shov;n in Fig. 129 through 13/i. 

The investigation to determine the cause of the tester explosion and fire 
indicates that the most probable cause of the fire was the Mod III inv;ard 
pumping spiral groove LOX seal. The evidence indicates excessive wear and 
rubbing on the mating ring surface. The spiral grooves were completely worn 
av/ay . 

The mating ring surface was not burned in the wear tract except for spot burn- 
ing and slag deposits which apparently occurred after rotation stopped; how- 
ever, it is possible that the heat generation due to rubbing contact started 
the fire and that the high pressure in the LOX seal upstream cavity forced the 
major burning into the low pressure drain area. The LOX seal flange was 
dished toward the drain and the flange bolts were broken in tension, indicat- 
ing that the explosion occurred on the high pressure side. 

It is possible that the fire started due to impact load or fretting at the LOX 
seal antirotation tangs or at the LOX seal ring pilot; however, the same seal 
design was successfully tested with the Rayleigh Step hydrodynamic face con- 
figuration with no evidence of impact loading or fretting. 

The inboard slave seal mating ring surface was burned toward the outer diam- 
eter and partially grooved on the carbon contact area. The burning pattern 
and slag deposit indicates that the burning occurred after rotation stopped. 
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Figure 129. Helium Seal Drain and Outboard Seal Area, Posttest 176 
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Figure 130. Helitim Seal and Retainer Housing, Posttest 176 
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LOX Seal Carbo 




Also, the LOX cavity between the slave seal and the spiral groove LOX seal was 
clean and the upstream side of the LOX seal was relatively clean. The evi- 
dence indicates that the slave seal burning was a result of the explosion. 

The helium seal and mating ring were completely burned away except for three 
sections of the ouer housing. It is possible that the fire started due to 
heat generation from rubbing contact between the helium seal carbon segments 
and the mating ring surface; however, the same helium seal has been used for 
previous Phase IV testing and the same type of seal has been used successfully 
for the entire program. The heavy burning in the helium seal area probably 
occurred after the explosion and resulted from the high pressure LOX feeding 
the fire in tbe drain cavities. 

The test data did not indicate the source of the explosion. The start of test 
176 appeared similar to the previous tests prior to the explosion, except that 
there was a longer (1.5 second) delay at the tester critical speed (19,000 
rpm) . It is possible that the slight delay at the critical speed resulted in 
additional shaft deflection which caused the LOX seal to rub the spiral groove 
mating ring surface; however, if the LOX seal was operating properly, the 
additional deflection would not cause rubbing contact. 

PHASE V LIQUID NITROGEN CHECKOUT 

Build 1 Assembly 


The tester was assembled with new Phase V LOX and helium seals. The LOX seal 
uses the same housing and segmented Vespel secondary seal as the Phase IV 
Rayleigh Step LOX seal. The carbon ring and the mating ring are replaced with 
the "pressure balanced" (refer to description on page 26) outward pumping 
special groove parts (Fig. 135 and 136). The surface profile trace of the LOX 
seal spiral groove mating ring is shown in Fig. 137. The helium seal is the 
same type segmented carbon Rayleigh Step that was used on Phase IV, except the 
diameter is reduced from 9.997 cm (3.936 in.) to 6.769 cm (2.665 in.) and the 
mating ring is replaced with a shaft sleeve. The surface profile trace of the 
Rayleigh Step helium seal rings is shown in Fig. 138 and 139. 

The spiral groove LOX seal was assembled with seven load springs to produce a 
face load of 62.3 N (14 lb) at the installed compression of 0.180 cm (0.071 
in.). The mating ring optical flatness after installation was 3 to 9 HLB. 

The mating ring surface axial runout was 0.0013 cm (0.0005 in.) total. 

The Rayleigh Step segmented carbon helium seal was assembled, using the mating 
ring sleeve to position the segments. Inspection of the seal revealed that 
three of the compression springs, which provide axial load to seat the seg- 
ments against the housing, were bent. Investigation indicated that the 
springs were bent due to the difference in spring hole spacing from one set of 
segments to the other when the segments are in the free position. The spring 
hole spacing is satisfactory when the segments are installed on the mating 
ring sleeve. The sleeve radial runout measured 0.00076 cm (0.003 in.) total. 
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Figure 135, Phase V Pressure Balanced Spiral Groove Carbon Seal Ring 
P/N 7R001269-11, S/N 001, New 
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Figure 13b. Phase V Pressure Balanced Spiral Groove Mating Ring 
P/N 7R0012691-7, S/N 001, New 
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Figure 137. Phase V Spiral Groove Mating Ring Surface Profile 
Trace P/N 7R0012691-7, S/N 001, New 
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Figure 138. Typical Surface Profile Trace of Rayleigh Step Segmented 
Carbon Oxidizer Side Seal Ring, P/N 7117-09, New 






Tests 1-31 


The test objective was to perform four checkout tests of 15 minutes duration 
each with liquid nitrogen at seal cavity pressure increments of 103A, 1724, 
2413, 2758, 3103 and 3447 kPa (150, 250, 350, 400,. 450 and 500 psia). A 
total of 31 starts for 1461 seconds was performed at 1034 kPa (150 psia) the 
tests were cut off prematurely due to high vibration and speed control prob- 
lems. The seals were damaged on the last test due to tester overspeed. 

The LOX seal performance at 1034 kPa (150 psia) was satisfactory with low 
leakage. The measured leakage varied from 0.0023 to 0.0079 m^/s (5 to 17 
SCFM) at LN 2 pressures from 896 to 965 kPa (130 to 140 psig) . The drain 
temperature at the leakage orifice also indicated low leakage with ambient 
temperature gas at the drain exit. The downstream drain cavity pressure was 
13.8 to 82.7 kPa (2 to 12 psig). The data indicate satisfactory functioning 
of the seal. 

The Rayleigh Step segmented helium seal also performed satisfactorily with low 
leakage at 345 kPa (50 psia) inlet pressure. The measured combined leakage 
(both LOX and turbine side) 0.0009 to 0.0019 m^/s (2 to 4 SCFM) at helium 
pressures of 207 to 324 kPa (30 to 47 psig). 

Build 1 Disassembly 

Disassembly inspection revealed the spiral groove LOX seal contact surfaces to 
be rubbed and worn at three locations. The spiral groove mating ring surface 
was worn 0 to 0.021 cm (0.0030 in.) (Fig. 140). The grooves were completely 
worn off in two places and partially worn in a third. The carbon seal ring 
surface was worn 0.00086 to 0.0024 cm (0.000125 to 0.000350 in.) (Fig. 141). 
The other components of the seal were in good condition. 

The helium seal was also severely worn. Rayleigh Step lift pads were com- 
pletely worn off. The mating ring surface indicated heavy rubbing contact. 

A vibration analysis was conducted to determine the cause of the tri-noded 
wear pattern on the LOX seal mating ring. Natural frequencies and mode shapes 
were calculated to determine if vibration in any of the modes could have 
caused the observed wear pattern. 

The results of this study showed expected behavior common to most concentric 
rings of this type namely umbrella modes and diametral modes. No extraneous 
mode shapes were found which could have caused the wear pattern of three loca- 
tions spaced approximately 120 degrees apart. 

Build 2 Assembly 

The tester was reassembled using new Phase V seal hardware of the same config- 
uration. Prior to installing the LOX seal mating ring it was discovered that 
the ring did not meet the requirement for flatness to within three helium 
light bands. Subsequent inspection of the one remaining spare ring also 
revealed that it too was not per print. Both rings were found to be convex 
with the ID 0.00063 cm (0.00025 in.) higher than the OD. The rings were 
returned to the supplier for rework prior to completing the tester assembly. 
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Figure 140, LOX Seal Mating Ring P/N 7R0012691-7, S/N 1, Posttest 031 
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It is possible that an out-of-flat condition may have caused the rubbing on 
the previous build. 

The spiral groove LOX seal was assembled with seven load springs to produce a 
face load of 62.3 N (14 lb) at the installed compression of 0.157 cm (0.066 
in.) The mating ring optical flatness after installation was 7 to 9 HLB. The 
mating ring surface axial runout was 0.0025 to 0.0030 cm (0.0010 to 0.00112 
in.) total. The Rayleigh Step segmented helium seal was assembled using the 
mating ring sleeve to position the segments. This method was adopted to pre- 
vent bending of the compression springs due to misalignment of the spring 
holes. The shaft sleeve radial runout measured 0.0066 .to 0.0070 cm (0.00260 
to 0.00275 in.) total. 

Tests 031 - 048 


The test objective was to perform eight tests of 15 minutes duration each with 
liquid nitrogen at pressure increments of 1034, 1724, 2413, 2758, 3103 and 
3447 kPa (150, 250, 350, 400, 450 and 500 psia) at 30,000 rpm. The 1034 kPa 
(150 psia) and 1724 kPc (250 psia) tests were completed. 

Seven tests at 1034 kPa (150 psia) for 986 seconds were performed. The first 
test was cut off prematurely due to an instrumentation problem. The next five 
tests were cut off prematurely due to a speed control problem. The seventh 
1034 kPa (150 psia) test was of successful programmed duration with steady- 
state operation. The spiral groove LOX seal performance was satisfactory with 
low leakage. The measured leakage varied from 0.006 to 0.015 nr/s (13 to 33 
scfm) . The downstream drain cavity pressure was 0.69 to 82.7 kPa (0.1 to 0.12 
psig). The data indicated satisfactory functioning of the seal. 

Nine tests at 1724 kPa (250 psia) for 935 seconds were also performed. The 
first eight tests were all cut off due to speed control problems. The ninth 
test at 1724 kPa (250 psia) was successful programmed duration with steady 
state operation. The LOX seal also performed well at 1724 kPa (250 psia). 

The measured leakage varied from 0.004 to 0.025 m^/s (9 to 53 SCFM). The 
downstream drain cavity pressure was 13.8 to 221 kPa (2 to 32 psig). The data 
indicate satisfactory functioning of the seal. 

One start at 2413 kPa (350 psia) for 136 seconds was then performed. The test 
was cut off prematurely when the speed suddenly dropped from 30,000 rpm to 
10,000 rpm and cycled erraticly at constant turbine inlet pressure, indicating 
binding of the rotating hardware. The high frequency accelerometer trace 
indicated a significant vibration level change at each speed cycle. Posttest 
investigation indicated excessive tester turning torque as the LOX seal pres- 
sure was increased. 

Data at 2413 kPa (350 psia) also show satisfactory seal performance. The 
measured leakage was 0.023 m^/s (50 SCFM). The drain cavity pressure was 
110 kPa (16 psig). Helium seal data also indicate satisfactory seal perform- 
ance with low leakage 0.0005 to 0.0018 m^/s (1 to 4 SCFM). 
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Build 2 Disassembly 

Disassembly inspection revealed the cause of the erratic tester torque to be 
excessive wear of the LOX seal cavity inboard slave seal mating ring. A 
groove 0.103 cm (0.015 in.) deep was worn into the mating ring surface by the 
carbon nose piece. A subsequent load deflection test revealed the seal load 
to be above normal as it is compressed. Therefore, it was concluded that high 
loading on the mating ring caused the carbon nose to wear into the rubbing 
surface. The seal was apparently binding as the compression increased. 

The inspection revealed no significant wear on the spiral groove mating ring 
(Fig. 142) and minimal wear on the carbon seal ring (Fig. 143). The other 
components of the seal were in excellent condition. A typical profile trace 
of the mating ring surface is shown in Fig. 144. 

The Raleigh Step segmented helium seal showed heavy wear on the segments. The 
LOX side lift pads were worn 0.00076 cm (0.003 in.) while the turbine side 
pads were completely worn off. Two of the turbine side segments were also 
broken (Fig. 145). 

Build 3 Assembly 

The tester assembly was completed with a new inboard slave seal and mating 
ring, new helium seal carbon segments and mating ring, and the same spiral 
groove LOX seal hardware. The new slave seal was installed with less com- 
pression to reduce the face load. The LOX seal spiral groove mating ring 
axial runout was 0.0084 cm (0.0013 in.) TIR. 

Tests 049 to 071 


The test objective was to perform 8 tests of 15 minutes duration each, with 
liquid nitrogen at pressure increments of 2413, 2758, 3103 and 3447 kPa (350, 
400, 450, and 500 psia) at 30,000 rpm. The 2413 kPa (350 psia) test point was 
completed and 611 seconds of the 2758 kPa (400 psia) test point were completed 
during this test series. 

The initial chilldown resulted in excessive leakage through the inboard slave 
seal, apparently due to the lower installed comrpession to reduce face load. 
The seal was seated by closing the bearing cavity, pressurizing the LOX seal 
cavity and then opening the bearing cavity. The LOX seal cavity was pressur- 
ized to 2413 kPa (350 psia) and maintained at this approximate value for a 
total of 16 tests and 15 minutes to complete the test point. 

A total of seven tests for 611 seconds were performed at the 2758 kPa (400 
psia) test point. The first four tests were maintained at 2758 kPa (400 
psia), however, leakage through the inboard slave seal prevented maintaining 
the required pressure during the last three tests. The pressure dropped to 
2344 kPa (340 psig) , then to 2068 kPa (300 psig), and finally to 552 kPa (80 
psig) on the last test. 
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Figure 142. LOX Seal Mating Ring P/N 7R0012691-7, S/N 03, Posttest 048 
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Figure 143. LOX Seal Carbon Ring P/N 7R0012691-11 , S/N 02, Posttest 048 
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Figure 144. Spiral Groove Mating Ring Typical Surface Profile Trace 
P/N 7R0012691-7, S/N 03, Posttest 048 








The spiral groove LOX seal performance was satisfactory at both 2413 kPa (350 
psia) and 2758 kPa (400 psia) liquid nitrogen pressure. The measured leakage 
varied from 0.020 to 0.088 m^/s (44 to 190 SCFM) . The drain cavity pressures 
varied from 41 to 400 kPa (6 to 58 psig) and were generally in the range of 69 
to 138 kPa (10 to 20 psig). 

The helium seal purge pressure varied from (50 to 75 psia) which resulted in a 
differential pressure of approximately 69 to 386 kPa (10 to 56 psi) on the LOX 
side and 234 to 414 kPa (34 to 60 psi) on the turbine side. The measured 
helium purge flow was 0.0007 to 0.0020 m^/s (1.5 to 4.3 SCFM). The seal 
performance was satisfactory during all testing. 

Build 3 Disassembly 

Disassembly inspection revealed severe rubbing and wear on the inboard slave 
seal mating ring surface. A groove 0.048 cm (0.007 in.) deep was worn into the 
mating ring surface by the carbon nose piece. The seal installed compression 
was reduced on this build to minimize the spring load; however, the load 
increase due to the pressure-induced force from the bellows effective area 
apparently caused the carbon nose to wear into the rubbing surface. Since a 
similar failure occurred on the prior build, it is concluded that the bellows- 
type rubbing contact face seal is not satisfactory at the higher pressures of 
this test series. 

The spiral groove LOX seal was in satisfactory condition with negligible rub- 
bing and wear (Fig. 146 and 147). The spiral groove mating ring surface had 
indication of very light rubbing contact with no significant wear (Fig. 148). 
The carbon seal ring surface was scored and worn slightly irregular 0.0006 to 
0.0019 cm (0.00025 to 0.00075 in.) at the sealing dam and inner portion of the 
spiral groove area (Fig. 149). The higher static leakage measured posttest was 
apparently a result of the sealing dam wear. 

The Rayleigh Step segmented helium seal showed heavy wear on the segments. The 
sealing dam average wear was 0.0025 cm (0.0010 in.) (Fig. 150). The LOX side 
lift pads were worn 0.0041 cm (0.00062 in.) The turbine side pads were com- 
pletely worn off. The mating ring surface showed a heavy contact pattern (Fig. 
151); however, the surface profile trace (Fig. 152) indicated no wear. 

Review of the inboard slave seal problem indicates that the present bellows- 
type rubbing contact face seal could be replaced with either a Phase IV 
Rayleigh Step or a Phase V spiral-groove hydrodynamic LOX seal. 

An add-on proposal to rework the tester for the inboard slave seal modifica- 
tion and to complete the Phase V test program was submitted to NASA; however, 
additional funding was not available and the program was terminated. 
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Figure 146. LOX Seal Mating Ring P/N 7R0012691-7, S/N 03, Posttest 071 
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Figure 148. Spiral Groove Mating Ring Typical Surface Profile Trace 
P/N 7R0012691-7, S/N 03, Posttest 071 
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Figure 149. LOX Seal Carbon Ring Typical Surface Profile Trace 
P/N 7R0012691-11, S/N 02, Posttest 071 
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150, Helium Seal Segments P/N SSCY 7117 





LOX SIDE 


Figure 151. Helium Seal 


TURBINE SIDE 


I Ring P/N 7R0012693, S/N 03, Posttest 071 
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Figure 152, Helium Seal Mating Ring Typical Surface Profile Trace 
P/N 7R0012693, S/N 03, Posttest 071 



CONCLUSIONS 


1. The Rayleigh Step LOX seal demonstrated satisfactory performance for a 
total of 559 tests and 48.5 hours with negligible wear and acceptable 
leakage . 

2. The outward pumping pressure balanced spiral groove LOX seal demonstrated 
feasibility during 71 tests and 1.4 hours with negligible wear and satis- 
factory leakage. 

3. The inward pumping spiral groove LOX seal was unsatisfactory due to 
excessive leakage and wear. The wide sealing dam concept is not satis- 
factory for cryogenic fluids due to excessive force variation caused by 
vaporization of the fluid across the sealing interface. The unsatisfac- 
tory performance is attributed to the force variation and not the direc- 
tion of pumping. 

4. The Rayleigh Step segmented carbon helium seal demonstrated satisfactory 
performance for a total of 401 starts and 26.1 hours with negligible wear 
and low leakage. 

5. The Rayleigh Step floating ring helium seal demonstrated satisfactory 
performance for a total of 168 tests and 25.3 hours with negligible wear 
and acceptable leakage. 


223 



REFERENCES 


1. Zuk, J., P. Ludwig, and R. L. Johnson: Design Study of Shaft Face Seal 

with Self-Acting Lift Augmentation. I - Self-Acting Pad Geometry . NASA TN 
D-5744, 1970. 

2. Zuk, J. , P. Ludwig, and R. L. Johnson: Quasi-One-Dimens ional Compres- 

sible Flow Across Face Seals and Narrow Slots. I - Analysis . NASA TN 
D-6668, 1972. 


224 



APPENDIX A 


LOX SEAL HARDWARE AND INSPECTION SUMMARY 

All data are listed in English units. The following conversion factors may be 
used to convert to SI units: 

1 Ibf = 4.448 N 
1 in. = 2.54 cm 
1 SCIM = 0.27 cm^/s 
1 psig = 6.895 kPa 
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TABLE A-1. NASA LOX SEAL HARDWARE AND INSPECTION SUMMARY, PHASE I Page 1 
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TABLE A-1. NASA LOX SEAL HARDWARE AND INSPECTION SUMMARY, PHASE I AND III 
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TABLE A-1. NASA LOX SEAL HARDWARE AND INSPECTION SUMMARY, PHASE III Page 3 
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0006 


1.0008 

0008 


.0008 

.0007 


.0008 

,0008 


J. 


,0008 

.0008 


L0008 

.0007 


0007 

1.0006 


71.5 

k.200 


PRE/F03T. 


D IFWR BITIAL FBBSSUKI PSIO 


50 I 100 


|U70 

800 


(11*25 

bio 


Ll*U5 

1520 


150 


211*0 

1000 


2150 

2090 


2100 

2200 


P500 

L680 


2700 

2600 


2900 

3100 


250 


baoo 

^00 


3600 

3500 


4200 

51*00 


300 


SlOO 

JOOO 


1*600 

4800 


6100 

7700 


BABiwua coNsmtm 


FBI BST 


NEW 

SEAL A mao: in 
GOOD CONDITION. 
CARBON POLISHED. 
MATE BAS LIGHT 
CONTACT PATISRN 
WITH CIRCIMFERENTAL 
MARKS & 3 SIKETRICA] 
SPOTS. 

SAME AS BUILD 

SEAL AND MATE IN 

21 - NO REWORK. 

GOOD CONDITION. NO 
SIGNIFICANT CFANCE 
FRCM BiaLD 21 - I7E 
3 SPOTS SMOOTH OUT. 

SAME AS BUnj) 22 

SEAL 8c MATE IN 

EXCEPT CARBON 

SATISFACTORY 

LAPPED FLAT 

CONDITION, k HIGH 
SPOTS ON MATE. 

WEAR ON CARBON RING 
AT LIFT PADS. 


POST BST 
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TABLE A-1. NASA LOX SEAL HARDWARE AND INSPECTION SUMMARY, PHASE IV Page 4 


I mu> 

■Q. 


tcnkL 

8 I&RIS 


TOSU. 

TIMI 

MIN. 


SEAL filVQ 

n/ai 

NABRXAL 


KATIXO BHO 

n/a 

KABRZAL 


?Z8TGai Bzao 
n/n 
NASnZAI. 


8FEXS0 

LOAD 


MM 

VXAR 

AVO. 

n. 


BBCB 8 S nu> 

nm • a. 

FIB/FO 0 T 


_L 


STATIC LEAKAGE - SCDC 
PCT/POST 


OXmREMTZAL PRESSURE P8X0 


lioo 1 150 


200 


250 


300 


BARDUASS COKDXTXOi 


POST BST 


67 


523 


299.6 


SSCY 5636-8 

ou 

CARBON F 692 


SSCY ii 685-7 

02 

chrcke/k>konel 


SSCY 5636-3 
01 

3 BE (KENT 
VESm. SP2U 


U.7 


56 


302.8 


10.5 


2lt 




S 3 CY 6563-1 
SB 01 

CABBOB F692 


sscr 6888-1 

SB 01 CABBOR F692 
(ISCRlAStD IS) 


SSCY 6888-1 
SB 02 
CABBQB F 692 


SPIRAL GROOVE 
[ESOO9696E 
C 28 - 2500-015 
. SB 01 

ICBRCHE/K-HOXEL 


BFIRAL GROOVE 
ESOO9696E 
|C28-2500-015 
SB 02 
blROKE/K-MCBaL 


piBAL GROOVE 
KARmWSAM 

bEROfE/K-HOBEL 


CP 850816-005 
03 

VES^ SP 211 


CP 850816-005 
S/B OL 

VESPEL SP 211 


CP 850816-005 
S/B 05 

VESPEL SP 2U 


12.6 


13.3 


13.6 


13.0 


.0009 

,0008 


.0008 

,0008 


.0008 

.0007 


.0007 

.0007 


.0009 

.0008 


.0008 

.0008 


1150 

5I4O 


■•55 

310 


[1750 

870 


P 050 

700 


3330 

1600 


1800 

lllOO 


5600 

27I10 


3100 

3000 


3122 

613 “* 


5200 

5600 


15725 

12890 


9849 

9331 


SAME AS BUILD 1 
BO REWORK 


( 1 ) 

.ow- 

.060 


( 1 ) 

.0004- 

.0022 


( 1 ) 

.0121 

.0192 


.0008 

0008 


(2) 

.00015 

( 3 ) 


,0007 

.0007 


.0008 

,0008 


580 

860 


1620 

2440 


3250 


6200 


4900 f 7260 


tel 2 

p.4340 


11232 1 
233301 


SAME AS BUILD 2 
B0 REWORK 


Loooia 

(3) 


|. 00020 | 

(3) 


( 2 ) ( 2 ) 
.00020 ,000201 
( 3 ) ( 3 ) 


( 2 ) 

.ooo 4 o| 

( 3 ) 


( 2 ) , 
.000401 
(3) 


( 2 ) 

.000201 

(3) 


( 2 ) 

.00040 1 
(3) 


8640 L 5552 21254 27130 J 2314 p 7152 
I900E 29722 34042 (0090 il 690 


1296019872 B376 33696 K336 


743012614 I 5897 


612 
657 1 


1218 

890 


1529 

1132 


8317 


2765 

11391 


.9526 


2125 

1564 


BEW SPIRAL GROOVE 
luiniQRiBa, CARBonl 
SEAL, PILOT RIK, 

A PISTOa RIBS. 

SAME HOISIBG AS 
BUILD 5 . 


excellebt condition 

CARBON POLISHED. 
MATING RING BAS 
LIGHT POLISHED 
PATTERN AT DAM A 
FADS. 

EXCEUENT CONDITION 
CARBON POLISHED. 

NO ADDITIONAL . 
WEAR. MATDIC RING 
HAS LIGHT POLISHED 
PATTERB WITH 
10 // IB. WEAR AT 
OUTER LAND A 
5 //IB. WEAR AT 
DAM OD 

EXCELLEBT CONDITION 
CARBON POLISHED. 

NO ADDITIONAL 
WEAR. HATINQ RING 
CONDITION SAME AS 
POST BUILD 2 . NO 
ADDITIORAL WEAR. 

HEAVY RUBBIBO A 
WEAR OB SPIRAL 
GROOVE SUBPACE. 
MATING RING WORN 
.011 - .025 IN. 
CARBON WORN . 040 - 
.060 IN. 

RUBBIBa A WEAR C« 
SPIRAL GROOVE 
SURFACE. MATIBG 
RING WORB .0002 
IN. CARBO* WORN ■ 
. 0004-.0022 IB. 

RUBBIBa A WEAR ON 
SPIRAL GROOVE 
SURFACE. MATING 
RING WORB .0005 IN. 
CARBON WORN . 0121 - 
0192 Dt. 


( 1 ) CARBffll ( 2 ) SPIRAL GROOVE ( 3 ) WORN OFF 
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TABLE A-1. NASA LOX SEAL HARDWARE AND INSPECTION SUMMARY, PHASE IV Page 5 


BUILD 

TOTAL 

SttBIS 

TOTAL 

SEAL B1>Q 

MATZHG BIBO 

PZSTOi BXBO' 
FB/SI 
KAOBIAL 

8FBH0 

LOAD 

SMC 

VXAR 

RECESS PAD 
JSFIH - ZB. 

STATIC lEAEACE 

PRE/POST 

- 8CIM 

BAREfUARE COK 

smoB 

■0. 


MIN. 

MATXRIAL 

MASRZAL 

•.950 

AVO. 

n. 

PBB/P08T 


DIFFXRERTIAL PRESSURE PSIO 


PBE ISST 

POST sat 









1 

2 

3 

50 

100 

150 

200 

250 

300 


7 

7 

45.29 

SSC 16888-1 
S/N 027903 
CARBOR P692 

RS009696E 
MOD III 

CHRCHE/K-MONEL 

CF850816-005 
S/R 05 
VESPEL 3P2U 

14.9 

(1) 

(4) 

(2) 

.0007c 

(3) 

(2) 

.0007c 

(3) 

(2) 

.00070 

(3) 

3600 

(4) 

6400 

(M 

9300 

(4) 

1220c 

(4) 

15000 

(M 


NEW CARBON SEAL 
RING AND MATING 
RING. SAME 
PISTON RING PILOT 
RING AND ROUSING 
AS BUILD 6. 

' 

MATING RING SPIRAL 
GROOVES TORN OFF. 
CARBON SURFACE 
TORN AND SCORED. 
HOUSING, PILOT 
RING AND PISTON 
RING SEVERELY 
DAMAGED BY FIRE. 


(1) CABBOH (2) SPIBM, GROOVE 


(3) WORS OFF 


(4) ROT AVAUABIE DUE 10 FIRE DAMAGE 
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TABLE A-1. NASA LOX SEAL HARDWARE AND INSPECTION SUMMARY, PHASE V Page 6 


I BUILD 
BO. 


TOTAL 

8 IAKTS 


17 


TOTAL 

Tm 


2i».35 


34.28 


25.18 


SKAL BDIO 
n/SB 
HATKRIAL 


SSCY715i-t 
058101 
CARBON P5N 


SSCY7153-1 
058102 . 
CARBON P5N 


KATIBG BIBO 
n/SB 
kaisbzal 


SECONDARY SEAL 

n/sR 

XAtSXXAL 


7R0012691-7 

01 

SPIRAL GROOVE 
MONEL K-500 • 


7R0012691-7 

03 

SPIRAL GROOVE 
MONEL K-500 


1775636-3 
4-1. 2, 3 
VESPEL SP211 


1775636-3 
5-1 ,2,3 
VESPEL SP211 


spRiva 

LOAD 


14 


.000125 

.000350 


.000184 

.000312 


00025 

00075 


MM 

WEAR 

AVQ. 

ZB. 

(1) 


.001 

.001 


30079 

J0079 


(.00073 

0007 


SPIRAL GROOVE 

XSF 1 S • ZB. 
FHl/WflT 


.001 

( 2 ) 


(00082 


(00082 £0065 


.001 

.0008 


^065 


000821 

0008 


00065 

00065 


670 

35'*2't 


1050 

1800 


500 

2800 


8»nc Oj IXJMtX - 8CM 
ng/P 03 T 


BimEEXTIAl. PJX 88 UR 1 PSIO 


50 I 100 1 150 aoo ey) 300 


1600 

53568 


2700 

3700 


1150 

5000 


3050 

79660 


5702 

5000 


2200 

8540 


6050 

h045‘i4| 


9686 

6566 


1(500 

5552 


1209f 

12856: 


13478] 

6912 


7776 

23328 


24192 

54656 


22464 

8380 


14256 

31104 


BUUMUS coiaimol 


m oat 


New 


SAME AS BUILD 2 


706T BST 


HEAVY RUBBING + 

WEAR ON SPIRAL 
GROOVE SURFACE IN , 
THREE PLACES. MATING' 
RING WORN O-.OOV. 
CARBON RING WORN 
.000125 - .000350". 

Minimal rubbing & 
wear on spiral 
groove surface. . 
Carbon ring worn 
.000184-. 000312". 

NEGLIGIBLE RUBBING C 
WEAR ON SPIRAL 
GROOVE SURFACE. 
CARBON RING WORN S 
SCORED .00025- 
.00075". 


( 1 ) CARSON (2) SPIRAL GROOVE (3) WORM OFF 





APPENDIX B 


HELIUM SEAL HARDWARE AND INSPECTION SUMMARY 

All data are listed in English units. The following conversion factors may be 
used to convert to SI units. 

1 in. = 2.54 cm 
1 SCIM = 0.27 cm^/s 
1 psig = 6.895 kPa 
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TABLE B-1. NASA HELIUM SEAL HARDWARE AND INSPECTION SUMMARY 


Bunj) vyoL 

HO. STARTS TIKS PART HO. 

XIX. TIPS 
KAISRZAL 



MATIXO RZHO DAM HEAR 

PART HO. AVO. IX. 

SEE. HO. 

MAIXRZAL 



15 CB851250 A-3/A-5 01 

3 SXCKEXT 
CARBOH G64 


A-l/A-7 02 RSOOWOfiX (1) (1) 

02 

CSRCM^OIIEL 


A-U/A-6 01 


( 1 ) ( 1 ) 


CB 85 I 25 O A-2/A-8 03 BSOOWoex (1) (1) 

3 SEGMEHT 03 

CARBOH 061» CEia0nnEL 


RBCSSS PAD DEPTH - IX. 
PRB/P08T 


STATIC Be LEAKAGE • 6CIN 
PRB/POST 


18.8 CBI 20673 B-5/ 

6 SEOCSXT 
CARBOH P3X 


01 RSO 0 U 06 X .0000 . 00 : 
REWORKED OU 

CEROH/^GHEL 




EARDUARE COKDXnCQI 


KEV. TAPERED BORE. CARBOH POLISHED 
RECESS DEPTH WITH XSCLIGIBLE 

.OOOO-.OOI 5 IRREQ- WEAR. KAIS BAD 
ULAR. SUGBT COHTACT 

' PATTERX. 

REV. SAME AS ABOVE CARBOH SEOffiXTS 

BROKER. MATE HAD 
SLIGET TRACE OP 
COHTACT. 


REWORKED SE«EHTS CARBOH SEOCEXTS 
FOR STRAIGHT BORE BROKER. SUGHT 
A HEW RECESS PADS. COHTACT TRACE OH 
CIXAXED BOUSIHO. MATE. 


BEBTLXS DISTAIIED 
IH PLACE OF EELHM 
SEAL FOR SHAFT 
0CFI2CTIQH mST. 


HEW. REWORKED 
SEOOaiTS FOR 
STRAIGHT BORE A 
HEW RECESS PADS. 


CARBOH SECMEHTS 
BROKEN. HATE 
RUBBED HOUSING DUS 
TO EXCESSIVE SHAFT 
DEFLECTION. 


too HOUSING REWORKED CARBON WORK UNEVEN. 


FRCM 3 SECKEHT 
DESIGN. HEW 
SEGMENTS. 


LOX SIZS INKEH UlID 
WORN OFF. TURB 
SIDE DAM A OUTER 
LAND VORH OFF. 
RECESS PADS NEARLY 
WORN OFF. 


REBUILT WITH SAME SAME AS ABOVE WITH 
45446 PARTS AS BUHD 8. SUGHTLI MORE WEAR. 
HO REWORK 
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TABLE B-1. NASA HELIUM SEAL HARDWARE AND INSPECTION SUMMARY 


Page 2 


fiOZLD 

HO. 

TOTAL 

STARTS 

TOTAL 

TIKE 

SEAL 
PART HO. 

SSCKEHT 

BOUSDrO 

SBR.HO. 

KATIHO RING 

DAM WEAR 

AVO« TW. 

RECESS FAD DEPTH - 
PRE/POST 

n. 


SMTIC B. LEAKAd - SCSI 
PRB/P03T 


HARDWARE CQHDITIQH 

NZR. 

TXPB 

KABRIAL 

LOX/IVItS 

SER. HO. 



1 LOK 8SS 

1 TURB Sin 

1 LQX 8I1B 

PSIO 

TURB 

9m 

P8M 

FKB TEST 

POST TBST 







LQX 

TURB. 

1 

2 


1 

2 



7'i 

100 

50 

75 

100 



10 

7 

10.lt 

:b120673 

i SECMEKT 
»BBQII P5N 

B-l/B-7 

01 

REVORXEI 

EVR2U525 

01 

:hrcmA(onel 

0 

.0039 

.00051 

X0035 

.00050 

.00036 

.CX>CA5 

.OCP35 

.0004 

0 

.0004 

0 

.0004 

0 

580 

580 

1025 

1400 

1580 

2380 

500 

J5770 

850 

30803 

1360 

58752 

SAME B0U3IHG AS 
BUILD 9. NEW SEG- 
KEHTS. HEW MA1E 
REWORKED TO PEASE 
III CONFIG. 

CARBOn WORN UNEVEN. 
LOX SIDE INNER 
LAND WORN .00014 IN . 
NO WEAR CH OUTER 
LAND OR DAM. TURB 
SIDE INNER LAND WORI 
.0003 IN. DAM WORN 
.0039 Df. MATE 
FLARED OUT .003 IH. 
RADIAL on TURB. sue 

11 

13 

iW.l 


B-l/B-5 

02 

REWORKED 

isooitoex 

05 

IBBOH/kOREL 

0 

.0033 

00335 

0 

£0036 

0 

.00035 

0 

0 

0 

0 

555 

330 

950 

570 

1230 

840 

1300 

51104 

2005 

44928 

2900 

53568 

HOUSING REWORKED 
TO. 6 SEG. DESIGN. 
SAME LOX SECMENT3 
AS BUILD 10. LOX 
SEGMENTS FRCN 
BUIID8 8 A 9 USED 
ON TURB. SIDE. 

NEW PHASE I MATS. 

CARBON WORN UNEVEN. 
LOX SIDE INNER LAID 
WORN OFF. HO WEAR 
ON OUTER LAND OR 
DAM. TURB. sue 
INKER LAND WORN 
.0005 IN. DAM WORN 
.0033 IN. 

12 

2 

38.11 

CB120673 
6 SEQUENT 
CARBON P5H 

B-3/B-9 

02 

REVORKET 

!WR 241525 
002 

CHBCH/MCHEl 

0 

.0033 

.0006 

.0006 

.0007 

.0007 

.0006 

.0006 

.0006 

0 

.0005 

0 

.0005 

0 

850 

535 

1700 

1022 

2900 

1900 

2900 

31450 

1000 

il237 

5250 

>6333 

NEW SEGMENTS. 
REWORKED PRASE III 
MATE FBCM BUILD 10 
GROUND ROUND AND 
REFLATED. 

CARBON WORN UNEVEN. 
LOX SIDE INNER LANK 
CGMPLETELY WORN OFF 
TURB. SIDE RECESS 
FADS WORN OFF. 

13 

2 

120.05 


* 

" 

[OOOIIO6X 

01 

CBBCH/WORBI 

0 

t' 

0 

.0006 

.0005 

.OOOT 

.OOOf 

.0006 

.0006 

0 

0 

0 

0 

0 

0 

1650 

1210 

3320 

2580 

5280 

1020 

^6656 

i44l0 

68602 

B3808 

38819 

103680 

REINSTALLED SAME 
SEGMENTS WITH USED 
PHASE I MATE. 

NO ADDITIONAL WEAR 
ON SEGMENTS. MATE 
WORN SUCHTLY. 

Ik 

15 

62.30 





0 

0 

.0006 

.0006 

•000£ 

.000( 

.0006 

.0006 

0 

0 

0 

0 

0 

0 

2500 

99a 

1200 

2080 

5770 

3770 

35770 

9519 

60131 

11818 

79831 

5391I 

reinstalled same 
SEAL AND MATE. 

NO REWORK. 

fO CHANGE IN SEAL OR 
MATE CONDITION. 

15 


2U.26 





(1) 

(1) 

.0006 

(1) 

.0006 

(1) 

.0006 

Cl) 

0 

(1) 

0 

(1) 

0 

(1) 

1165 

CD 

2190 

(1) 

3770 

(1) 

;6l66 

(1) 

33016 

(1) 

19075 

(1) 

REINSTALLED SAME 
SEAL AND MATE. 

NO REWORK. 

FIRE AT SEALS. 

90® SEGMENT OF MATE 
RING AND CARBON 
SEGMENTS. RUBBING 
SURFACE IN GOOD 
CONDinCN. 

16 

10 

28.19 

PHASE III 
99RS006215 
FLOAT RING 
INCONEL 
BARBED 
CARBON CS4 

02/02 

PHASE 

III 

02 

RS010I»76X 

002 

chrcm/ 

INCO. 903 
”Z” RING 

(3) 

(3) 

0007 

(2) 

0007 

(2) 

.0006 

(2) 

oood 

0005 

0006 

0002 

0008 

0003 

3005 

6678 

I838I 

81731 

71539 

99878 

26784 

25402 

38880 

35770 

50284 

48557 

HEW PHASE III 
ASSEMBLY 
LOX SIDE DIA 
CLEAR » .0054 IN. 
TURB. SIDE DIA 
CLEAR > .0050 IN. 

LOST CLEARANCE ON 
LOX SIDS RING, WORE 
AWArPADS. WORE CROC V] 
INTO PLATING. CARBOl 
DAMAGED. TURB. SIDE R 
RUBBED AND SCORED 
SLIGHTLY. MATE FLAK D 
OUT ON LOX SIDE. 


U) KO READING DUE TO FIHE^iAMAGE (2) PADS WORN AWAY (3) CARBOT DAM^D BY RIBBING CONTACT 
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TABLE B-1. NASA HELIUM SEAL HARDWARE AND INSPECTION SUMMARY 


Page 3 



TOTAL 








RBCBS3 PAD DEPTH • 

IN. 


STATIC Be LEAKACZ - 8C1N 


EAKDUABX CQNDITIOl 

BUILD 

TOTAL 

SEAL 

SSCKEI^ 

Bousisa 

MATINO RING 



PRK/P03T 





PRB/P03T 







MIK. 

TIPS 

LOOC/TUBB 


SER. NO. 

IS. pre/pos 

LOK sue 

TURB sue 

LQX SUB - 

PSIO 

WRB 

BUS - 

fSIQ 

PRS nsT 

POST TEST 



. 

NATSBIAL 



KA3SR2AL 

IJQK 

lURB. 

1 

2 

1 

1 

2 

3 

50 

75 

100 

50 

75 

300 



17 

7 

31.12 

PHASE III 
99RSOO6215 
FLOAT RING 

03/03 

ou 

RS010476X 

001 

CHKCME/ 

.0076 

.0005 


.0007 

.0007 

.0006 

.0006 

.0007 

.0007 

.0008 

.0008 

.0007 

.0007 

.0006 

.0006 

im^T 

527OU 

II472 


m 


33936 

49594 

NEW PHASE III MATE 
REWORKED TO 
INCREASE SEAL 
CLEARANCE 

EXCELLENT CONDITION 
SLIGHT CONTACT 
MARKS. 




INCONEL 



INCO 903 



















BANDED 

CARBON 

C6U 



"Z” RING 

















18 

20 

soil. 78 



„ 

„ 


.0086 

.0007 

.0006 

.0007 

.0008 

,0007 

.0006 

34560 

44928 

57024 

24192 

33696 

42768 

SAME AS BUILD 17. 

GOOD CONDITION. 







.0005 

.0005 

.0004 

.0007 

.0005 

.0005 

20736 

44928 

57888 

41472 

62208 

82944 

NO REWORK. 

HEAVY RUB PATTERN 
ON LOX SIDE A 
SLIGHT RUB PATTERN 
ON TURB SIDE DUE TO 
TESTER BEARING 
FAILURE. 










,R3010U76X 

001-1 



.0005 

.0005 

.0004 

.0007 

.0005 

.0005 

47520 

67392 

86745 

33350 

47693 

60480 

SAME SEAL AS 

GOOD CONDITION. 

19 

12 

136.2 




.0076 

.0072 

.0004 

.0005 

•0004 

.0007 

•0005 

.0005 

41472 

57883 

73094 

23512 

39744 

50112 

BUILD 18. NO REWORK. 
MATING RING 

SLIGHT RUB PATTERN 
DUE TO BEARING 







CHR/mC 903 















REFLATED. 

FAIUBE. 

20 

2U 

20U.76 






•OO72 

.0004 

.0005 

.0004 

.0007 

.0005 

.0005 

49248 

67392 

63936 

32832 

46656 

58752 

SAME SEAL AS 

GOOD CQNDITICK. 





.0078 

.0072 

.0004 

.0005 

.0004 

•oooe 

.0005 

•0005 

31104 

44926 

58752 

24750 

33500 

41500 

BUILD 19* NO 
REWORK. HATING 

UNIFOIW RUB PATTER! 
WITH LIGHT CARBON 






















RING BURNISHED 

DEPOSIT ON MATE* 









, 













TO RIMOVE RUB 

CARBON POLISHED 






















PATTERN. 

WITH RUB MARKS. 

■ 21 

52 

236.56 

99RS006215 

01/01 

03 

» 


.0060 

.0073 

•000( 

•000c 

.0005 

•ooa 

.000^ 

•ooa 

.OOOi 

•000; 

•000( 

•OOOC 

•000( 

•oooa 

4060f 

4665< 


'm 

3880c 

&46i 

5529^ 

32832 

71712 

43^ 

SEAL NEW, MATE 
SAME AS BUIID 20 

LOX SIDE SEAL RING 
LOST ClEARANCE & 


















EXCEPT CARBON 

WORE GROOVE .003- 




INCO. BAND 


















DEPOSIT WAS 

.004 IBCH INTO 




CABBCat 


















REMOVED. 

HATING RING. LOX 




G64 



















SIDE CARBON WORN 
& SCORED. TURB 
SIDE CARBON WORN 
.0013 INCH DIA. 
TURB SIDE MATE 
HAS HEAVY RUB 
PATTERN. 

22 

70 

313.64 

99RSOO6215 

FLOAT RING 
INCO BAND 
CARB GQk 

04/04 

01 

RS010476X 
003 ■ ■ 
CR/DIC903 

.0000 

‘.0000 

.0079. 

;oo 78 

.0006 

.0006 

.0007 

.OpQ0 

.0006 

.0005 

.0006 

.0Cp7 

.0006 

.0005 

.0006 

.0005 

38016 

47520 

5184c 

6739: 

65661 

8208c 

3456c 

35421 

4665* 

52701 

57024 

6912C 

NEW 

GOOD CONDITION. 
SLIGHT RUB PATTERN , 
JEAVIER COT LOX 
SIDE. CARBON 
POLISHED ON HIGH 
SPOTS WITH VERY 
SLIGHT WEAR. 




TOTAL TOBii. gsju, 
6IARI8 TDS FAST SO. 
KH. TXFS 
NATSSXAL 


366.72 PHASE III 
99RS006215 
FLOAT. RING 
■ IHCO. BAND 
CARBON 
G 81 * 


RSOIOU 76 X 

003 

cr/inc 903 


.0080 .00* 
.0078 .00 


,0007! .00051 .0005 
,oooM .000a .0005 


GOOD CONDITION. 

OOO5I SLIGHT BUB PATTERN, 



HEAVIER ON LOX 
SIDE. CARBON 
POLISf'ED ON HIGH 
SPOTS WITH VERY 
SLIGHT WEAR. 
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TABLE B-1. NASA HELIUM SEAL HARDWARE AND INSPECTION SUMMARY 
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BUILD 

SO. 

TOTAL 

OTAStS 

TOTAL 

TIMS 

SEAL 
FAJtT SO. 

SKCMEtff 

SSR.SO. 

BOUSIBO 

SEH.SO. 

MATlSa RISC 
PART SO. 

DAM WEAR 
AVO. IS. 

RECXS8 PAD CEFIS - 
FRS/FOST 

IS. 


STATIC Be L2AXAGE 
FRE/POST 

- SCIX 


EARnUBX COSDITIQS 




KH. 

rm 

MABSXAL 

LOOt/lOItB 


SBR. SO. 
MABCRZAL 



1 LQZ SUB 

1 TURB SUB 

1 LQZ 8ZZB 

P8I0 

Tupp 

SUB 

- PSIQ 

FRE TEST 

POST TEST 







LCK 

TORB. 

1 

2 

3 

1 

2 

3 

50 

75 

100 

50 

75 

100 



1 

10 

52.3 

201001 
6 SSCMEIIT 
CA1!B G84 

C-3 

c-n 

2 

RS010476X 

5 

CHROM/IKC 

903 

.0002 

.0003 

,0007 

.0005 

.0007 

.0007 

.0006 

.0005 

,0005 

,0002 

.0007 

.0003 

.0007 

.0005 

1720 

2000 

3100 

4400 

5400 

7100 

780 

890 

1240 

1320 

1850 

l84o 

NEW 

EXCET.1RNT CONDITIO 
CARBON POLISHED. 
LI(3T CDSTACT 
PAmRN ON MATING 
RING. 


2 

67 

299.6 





.0000 

.0000 

.0005 

.0005 

.0007 

.0007 

.0005 

.0005 

,0002 

,0002 

.0003 

.0003 

.0005 

,0005 

1300 

2300 

2100 

3800 

3400 

7700 

4oo 

lo4o 

580 

1560 

770 

2230 

SAME AS BUILD 1 
NO REWORK 

EXCELIBNT CONDITIOI 
CARBON POLISHED. 

NO ADDITIONAL WEAR 
LIGHT CONTACT 
PATTERN ON MATING 
RING. . 


3 

,56 

302.8 





.0000 

.0000 

.0005 

.0005 

.0007 

.0007 

.0005 

.0005 

.00^2 

,0002 

.0003 

.0003 

.0005 

.0005 

2000 

4000 

3800 

8800 

6600 

L5800 

960 

750 

1560 

1200 

2000 

1610 

SAKE AS BUILD 2 
NO REWORK 

EXCELLENT CONDITIOI 
CARBON POLISHED. 

NO ADDITIONAL WEAR 
CONDITION SAME AS 
POST BUILD 2. 


4 

9 

10.5 

201001 
6 SEQUENT 
GARB G34 

C8/C10 

1 

SS010476X 

6 

CHR/IBC 

903 

.0000 

.0002 

.0004 

.0004 

.0005 

.0005 

.0003 

.0003 

.0004 

.0003 

.0003 

.0001 

.0005 

,0002 

1300 

7600 

2000 

11600 

3200 

16500 

1060 

L1450 

220^ 

13600 

2700 

19008 

NEW 

NO WEAR ON LOX 
SIDE. ONE LOX 
SE(»£NT BROKEN. 
TURB SIDE SEG 
WORN .0001 - 
.0003 IK. HEAVY 
RUB ON ONE SIDS 
OP MATING RING. 
DAMAGE DUE TO LOX 
SEAL FAILURE & 
SHAFT DEFIECTIOK. 


5 

3 

.3 

aoijooi 

6 SICMEItT 
CADB G84 

Cl/016 

1 

Baoio476x 

SH 8 

ctR/ac 

903 

.0000 

.0000 

.0004 

•0004 

.0004 

.0004 

.0008 

.0008 

.0008 

.0008 

.0007 

.0007 

.0006 

.0006 

.7776 

7948 

U664 

11577 

15552 

15206 

9936 

10368 

14688 

12960 

ao3o4 

16329 

SEW 

EXCELLENT CONDITIO 
EXCEPT DAM ON LOX 
SECMEET BROKEN 
AT.nSTALLATIOS. 
CARBCa POLISEED. 
UQHT CCWTACT 
PATTERN ON KATISO 
RUG. 

1 

6 

24 - 

34.3 





.0001 

.0003 

.0004 

.0003 

.0004 

.0003 

.0008 

.0006 

.0008 

.0005 

.0007 

.0004 

.0006 

.0004 

7949 

9850 

11664 

14688 

15466 

21600 

10360 

5104 

14256 

7776 

17971 

9936 

SAME AS BUUD 5. 
C-1-1 SEOCEST 
DAM CSIFFED. 

GOOD CONDinCH. ' 
CARBON POLISEED 
WITH .OOOI-.OOO3 
WEAR. LIGHT 
CONTACT PATTERN 
ON MATING RING. 




TABLE B-1. NASA HELIUM SEAL HARDWARE AND INSPECTION SUMMARY 
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(1) HOT AVAIIAHLE SUE TO EIBE DUUGE 
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TABLE B-1. NASA HELIUM SEAL HARDWARE AND INSPECTION SUMMARY Page 7 


TOTAL 








RBCSSS PAD DEPTH - 

ZH. 


BTAHC Be LEAKAGE - 

SCIM 


EARDUARE COHDITIOI 

TOTAL 

SEAL 
PART MO. 
TOT 


BOUSIHO 

SER.iro. 

KATIHO RIKC 
PART HO. 
SER. 110. 

DAM VEAR 


PRB/P03P XIO‘3 




PRS/P 

03T 






KIX. 



LCX SHE < TURB SITE 

m 

!RRS 

n?vi 

RT!*3 



PKE TEST 

POST 5EST 



XASRIAL 



KAIXRIAL 

wm 


1 

£ 

T] X 


3 

wm 

tm 

^9 

E9 

WSik 




31 

24.35 

Res 1377 
6 Segment 

7117-2 

7117-3 

108002 

7R0012693 

01 

00062! 

.0082 

000625 

.0094 

.687 

(1) 

.625 

(1) 

.562 Ij625 
(1) |(1) 

.625 

(1) 

^25 

(1) 


26uu 

1556 

7800 

5200 

1500 

435 

8200 

2750 

10200 

5500 

New 

Heavy wear on seg- 
ments - Pads worn 
off. Hating Ring 
worn .00005" on 



Carb GS4 



Inconel 718 





1 

j 










contact surface 

17 

34.28 

Res 1377 
B segment 
Carb G84 

7117-4 

7117-1 

108002 

7R0012693 

02 

Inconel 718 

.0006 

.0114 

0 

.0025 

.484 

.437 

.500 

.437 

1 

.546 '.703 
.245 : (1) 

.875 

(1) 

.593 

(1) 

562 

710 

1950 

1650 

4375 

3500 

900 

3150 

2400 

4750 

4700 

5850 

New Segments & 
Hating Ring 

Heavy wear on seg- 
ments. Turbine side 
pads worn of£ P6t1n 
ring worn .000059" 
on contact surface. 





















Two 





















of the turbine side 
carton segments wer 
broken. 

23 

25.18 

8ES 1377 

7117-9 

108002 

7ROOI2693 

.OCIO 

.0015 

.780 

.500 

.550 -560 

.400 

MO 

900 

2400 

4700 

562 

1950 

4375 

New Segments & 

Heavy wear on seg- 


6 SEGMENT 

7117-7 


03 



.160 

.200 

(1) (1) 

(1) 

(1) 

700 

1850 

3000 

1750 

1900 

2900 

Hating Ring 




CARB G84 


INCONEL 718 


r 




1 


■ 




pads worn off. Neg- 
1 iglble wear on 
mating ring. 






i 

{ 




(I) WWN OTt 























APPENDIX C 


NASA CRYOGENIC SEAL TEST DATA SUMMARY 

All data are listed in English units. The following conversion factors may be 
used to convert to SI units. 

1 psig = 6.895 kPa 

K = 0.555 (F + 460) 

1 SCFM = 0.000466 m^/s 

1 in. = 2.54 cm 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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^ — 



— 



l;)R IIUI. 

ttEl.lIM MKAI 


iOMAHK/1 

flUllj; 

HO. 

ncsT 

HO. 

OnjKCTlVH 

DATE 

TIME 

MIN. 

OiYED 

FUX 

U/tt PH. 
rniu 

p/n I'H 

U^t) IIMP 

D/g^Tmi- 

LEAKAGE 

scm 

U/8 PK 
P810 

0/H PH 
PUIG 

U/a TtMP 

r 

P/g TEMP 

ULA 

UIDE 

XAiiE ik:»m 

TORH. 

01DK 

TOTAL 

“7~i 

<XI1 (1) 

(lABCOUS 

IITHOCUJI 

CHlCKOVr 

MIR. 

08-09-73 

IS 

20300 

150 

2-JO 

yj 

116 

A.2-26.k 

50 

0 

92 

73 



8.7 

DUHATION TEBT - lAU bCAL UPT 
PAUl VOHN .010. LOX MATIRil 
KINO {K-’OHED. % aCAI. MUHHEP. 
rotated VHOHO DIKECTJON. 


002 

N 

08-29-73 

.9 

122S0 


1.5 

10 

-70 

4.6 

30 

* 

68 

75 

.9 

1.8 

2.7 

CUT DUE TO SPEED COHTKOL 
PRO&LtM. 

•t 


N 

09-17-73 

5 

20000 

150 

3.5 

xo 

-60 

3.0 

20 

3.2 

72 

50 

- 

1.5 

5.0 

DUHATlOa TEBT - LOX SEAL 
RUShEO SLIUiraY. B« DEAL 
BEOUNTS SROKII. ho KUbblRG 

3 

ou4 

M 

09-26-73 

13 

2S0O0 

15b 

5.0 

10 

-*5 

3.0 

3* 

*.5 

96 

73 

— 

— 

12.i 

DUKATIOE TEST • IXU SEAL 
VOHN .0(AJ3. IU UUl. HEIMERTU 
SKOKEI, SO RUbMEO. 

It 

ou^ 

aiurr 

EWrUCTK 

U-X3-73 

1.6 

32550 

130 

•• 

-35 

— 

7.1 

•* 

•• 

•• 

-- 

— 

-- 

■■ 

SPEED RAMPED PHUN 0 TO 32SSU 
KM TO KEABUKE BKAPT UEPlJlC* 
TIOI AT R« SEAL. CKITIUL 
SPEED AT I9OOU Rm. 

H 

006 

N 

U-16-73 

.1 

32725 

165 

•• 

-20 

— 

8.6 

•• 

mm 

— 

— 

- - 

-* 


START TEBT TO MEA6UKE BKArr 
DirUCTlOl DUHiRO ACCEURATIOS 
TRROUIR CRITICAL SPEED. SERTLT 
EOT recorded. 

k 

007 

« 

J 1-16-73 

.1 

irm 

165 

- 

-80 

“ 

7.3 

“ 

- 

- 

" 

" 

- 

.. 

PANT START TEBT. nUTER 
bEARlHG rAlUD. 

5 

ooo 

• 

18-il|-73 

.03 

37000 

156 

- 

•10 

" 

" 

- 

- 

" 

“ 

" 

— 

— 

PAST BtART TEBT. TtUTER 
DEAHIHO PAILEO. LOX BEAL 
DAKAQED bY SHAIT RUBBING. 

6 

001 

N 

03-06-7* 

1.3 

32200 

— 

— 

" 

— 

— 

•• 

— 

— 

— 

-- 

-- 

■■ 

ORADUAL START VlTff Rn^KEEO 

nans mount k auunmeet. 

SHArr DEPUCTIOE * VXSAATIOE 
SATIOPACTORY. 

6 

002 

N 

03-06-7* 

.3 

33000 

- 

" 

- 

- 

” 

— 

— 

— 

— 

— 

— 

— 

PAST START TEST. BRAfT DEPIJCC- 
TIOE k VIBRAT20S BATltlPACTOHY 
LOX i R, SEALS EOT lEBTAUXO. 

7 

003 

OABIOUI 
IITBOOCH 
CntCKOOT 
IS MU. 

05-23-7* 

.* 

32200 

150 

5.0 

33 

-18 

8.0-12.2 

33.6 

3.5 

76 

61 


— 

11.3 

CUT SOI TO BODUa VIBRATIOI 
IICKUBI, lULIlM tlUL 810^ 
K«T8 BHOKU OUt TO BBAIT 
StnBCTlOII. TI3TXR OVEMUULIED. 

1 . 

... 



.... - 

..... 


. 












— 


(1) mcnTDTn 



TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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LATE 

TIKI 

SPEED 

LOX SEAL 

UELllM SEAL 


REMARKS 

NO. 

NO. 



HIM. 

RFM 

U/8 PR. 
PBIQ 

D/s PR. 
PSIQ 

u/a HUP 

*T 

B/a ^p 

LEAKAOE 

8CIK 

U/B PR. 
P9ia 

0/B PK. 

rsio 

u/a TBIP 

D/a T13U' 

lEAKAGE sent 







“r 

*r 

— 

wa. 

TOTAL 

















niDK 

□ IDE 


. . . 

0 

U7U (2) 

OABlOUa 

04-07-7) 

.45 

32UUO 

l!)0 

10.5 

5 

i;> 

- 

7 

- 

6j 

71 

" 

" 

" 

TESTER ACCEL OVER JUg RKDUME. 

BRQ. LOX now i PH uxanu. 



CHECKOirr 
















SEAL PR. DROPPED AT START 



i:» HIM. 
















DUE TO REUUUTOH. 

a 

on 


04-14-75 

.05 

24400 

.. 

— 

— 

— 

— 

— 

— 

— 

" 

— 

— 


EKHONEOUB 0-UVEL. - 

a 

078 

M 

04-14-75 

.2 

2U400 

.. 

... 


— 

— 

— 

- 

— 

— 

— 


— 

TUKB. XM AIR HOSE RUPTURED. 

a 

079 

M 

04-14-75 

.31 

28400 

.. 

.. 


— 

— 

- 

- 

- 

- 

- 

" 

" 

TUKfi. IM AIR BOSE HUFTUKED. 

e 

oaa 

•I 

04-17-75 

.02 

28800 

157 

II1.2 

-85 

-41 

6.4 

41 

.01 

61 

70 

22.4 

1.0 

23.4 

LOW SPEED. 

8 

oai 


OU.17-75 

.07 

33200 

157 

ll.lt 

-103 

•36 

7.8 

54 

.20 

60 

69 

20.1 

4.0 

24.1 

OVERS PEED. 

a 

082 

M 

04-17-75 

.63 

29600 

145 

12.5 

-70 

10 

U.6 

74 

.39 

60 

73 

19.3 

5.6 

24.9 

LOW SPEED. 

a 

u8j 

H 

04-17-75 

.06 

53200 

160 

18.4 

.110 

-53 

10.7 

57 

.17 

55 

73 

lti.6 

3.7 

22.3 

OVEhSPEED. 

a 

oait 

N 

04-17-75 

.13 

33200 

153 

— 

-83 

.30 

U.4 

55 

.12 

55 

78 

19.6 

3.1 

22.9 

OVEKSPEED. 

a 

08j 

W 

04-17-75 

.26 

32800 

11(2 

19.4 

-72 

-1 

12.2 

52 

.37 

55 

ao 

ia.2 

5.4 

23.6 

ERRONEOUS 0-LEVEL. 

8 

066 

H 

04-17-75 

.78 

23200 

137 

21.4 

-120 

-5 

12.4 

53 

.32 

45 

61 

18.3 

5.2 

23.5 

SPEED DECAY. 

a 

087 

H 

04-17-75 

.06 

33000 

161 

22.5 

-103 

-4l 

13-3 

67 

.70 

78 

57 

15.2 

7.7 

22.9 

OVXhSPKED. 

a 

oaa 

N 

04-17-75 

.13 

33000 

160 

22.2 

-79 

— 

14.9 

73 

.7 

59 

62 

14.1 

7.6 

21.7 

OVERSPEED. 

a 

089 

N 

04-17-75 

.42 

33000 

147 

23.8 

-67 

5 

13.0 

60 

.3 

60 

81 

20.6 

4.7 

25.3 

OVEBSFESD. 

a 

090 

N 

04-17-75 

1.12 

32000 

145 

22.5 

-57 

15 

- 

54 

.2 

61 

81 

-- 



SPEED DECAY 32000 TO 17200. 

a 

091 

N 

04-18-75 

.13 

33000 

- 

— . 

— 

“ 

- 

.. 

— 

-. 

— 


— 

— 

OVERSPEED. 

8 

092 

W 

04-18-75 

•17 

33000 

— 

— 

— 

— 

— 

— 

— 

“ 

" 

— 

— 


OVERSFEED. 

a 

093 

M 

04-18-75 

.25 

33000 

— 

12.6 

-50 

a 


54 

l.O 


- 

— 


-- 

0VEB3FEED. 

a 

09^ 

H 

04-18-75 

.75 

31200 

— 

l4.o 

-52 

31 

« 

47 

.2 

— 

— 

"" 


-- 

LOST P4 BIGHAL. 

6 

095 

N 

04-18-75 

3.0 

32000 

148 

12.4 

-33 

69 

8.7 

41 

.3 

75 

90 

12.7 

5.2 

17.9 

ERROHEOUS 0-LEVEL. 

a 

096 

a 

04-1B-75 

.1 

33000 

— 



“ 

- 

— ■ 

— 

— 

— 

— 

— 

— 

OVERSFEED. 

a 

097 

a 

04-18-75 

.13 

33000 

— 

— 

— 

— 

— 

— 

.. 


— 

— 

— 

— 

OVERSFEED. 

6 

098 

a 

04-18-75 

3.0 

32000 

150 

13.5 

-20 

85 

9.1 

47 

.4 

74 

95 

13.8 

5.6 

19.4 

SPIZO 0£CAI 32000 TO 26000. 

a 

099 

a 

04-18-75 

2.0 

32000 

132 

12.0 

-27 

73 

8.7 

50 

.3 

76 

94 

14.0 

4.7 

18.7 

SPEED DECAT 32000 TO 28000. 

a 

100 

a 

04-24-75 

.15 

.. 

— 

.. 

— 

— 

« 

— 

— 

— 

" 

““ 

— 

“ 

HO SPEED SIONAL. 

a 

101 

a 

04-24-75 

2.9 

32000 

145 

1.4 

-30 

79 


52 

.01 

70 

87 

— 


-- 

SPEED DECAT 32000 TO 26000. 

a 

102 

a 

04-24-75 

.3 

— 

3) - 

.. 


— 

-- 

— 

— 

— 

— 

— 

“ 


TESTER 0-LEVEL INCREASE. 

a 

103 

a 

04-24-75 

1.25 

32240 

3) 78 

1.8 


19 


.6 

.04 

79 

87 




TURBINS 0-LEVEL INCREABl. 

ALL PARTS IM GOOD COSDITIOM, 
EXCEPT H* SEAL WORN. YUR3 
AIR CHANGED TO GN2 TO PREVEHT 
SPEED DECAY CAUSED BY ICIHQ. 


(2) vnx T/ Bff - BOflCO (3) BAM WITH MO OM2 PRISSURl. SEAL PRESSURIZED BTC U» LEAKAOE THRU SLAVE SEAL. 


N5 

LO 




TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 



OiuecTivi| urn timk speed 

KIN. RH4 


GASEOUS 
NITROGEN 
CHECKOUT 
!•> HIN. 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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BUILD 

10. 

1X8T 

VO. 

OBJSCTIVX 

DATI 

TDS 

aPEEO 

LOX SEAL 

HBLllM SEAL 

RDIARXB 

MIN. 

RFM 

u/a PR. 
PSIG 

D/S PR. 
P8I0 

u/g UMP 

D^3 


U/B PR. 
P 8 IQ 

D/a PR. 
PSIO 

u/fl TWP 

t 

D/8 TOP 

LEAKAOB 8 CPM 






sen* 

LOX 

SIDE 

TURB 

BIDS 

TOTAL 


10 

133 

p-i,scH.i: 

LOX W3T 
2.5 hr. 

6-10-7: 

.15 

21050 

210 

50.0 

-257 

-272 

- 

41.0 

10 

92 

— 


-- 


LOX BEAL D/S PR. REDLIRl 

10 

131* 



.32 

30000 

123.5 

48.6 

-280 

-263 

— 

46.6 

10 

90 

— 

— 

•• 

*■ 

LOX SEAL D/8 PR. REDLINI. 
INCREASED LEAK ORIFICE SIZE. 

10 

135 


" 

.3 

33200 

66.0 

35.5 

-273 

-272 

53.2 

37.0 

9.5 

91 

" 

- 

- 

- 

OVERSPEED. 

10 

136 



.65 

33200 

92.0 

39.7 

-267 

-272 

43.5 

-- 

2.1 

90 

— 

-- 

— 


OVERSPEED. 

10 

137 

N 

- 

3.0 

33200 

152.5 

34.0 

-253 

-237 

38.3 

31.6 

“ 

90 


" 

— 

•• 

OVERSPEED. 

10 

138 

* 

- 

,6k 

22800 

160 

35.0 

-257 

-267 

41.2 

— 

12.2 

93 


" 


— 

UNDERSFEED. 

10 

139 



5.2 

32400 

157 

36.4 

-251 

-249 

40.8 

34.0 

8.0 

94 





DURATION. niSTSR INSPECTION 
DUE TO EXCESSIVE LOX SEAL 
D^ PR. LOX SEAL IN GOOD 
CONDITION. HELIIM SEAL VORN 
UNEVEN. INCREASED DRAIN SISUH 
TO REDXE 0/S PR. INCREASED 
LOX SEAL 8PRINQ LOAD. 

U 

lito 

M 

7-11-7; 

PRS1E8T 

0 

uu 

.75 

•290 

-297 

17.1 

- 

- 

- 

- 


- 

- 

LOX SEAL LEAK AP FECQED. 
SPEED UNSTABU. 





.93 

28000 

245 

12.5 

-286 

-284 

— 

— 

4.0 

96 

*• 


•• 







POSTTESI 

0 

117 

2.25 

-275 

-293 

27-9 

" 

" 


" 

" 

— 

-- 


U 

iVl 

« 


.22 

33280 

.. 

.. 

— 

— 

— 

— 

— 

- 

- 

- 

- 

- 

0VER3FEED. 

U 

llt2 

- 


.23 

33280 

— 

.. 

-- 

— 

— 

— 

— 

- 

— 


-- 

" 

0VEK3PEED. 

11 

1>*3 

- 


.26 

33400 

.. 

— 

— 

— 

- 

— 

— 


— 

- 

" 

— 

OVERSPEEO. 

11 

lU 

“ 

m 

.28 

33000 

- 

” 

" 

" 

- 

" 

- 

- 

— 

— 

— 

— 

OVEKSPEED. 

u 

lk5 

•I 

m 

prktsst 

0 

112 

2.6 

-284 

-284 

22,2 

— 

- 

- 

- 

- 

- 

" 

OVEBSPEED. 





2.6 

33040 

177 

13.3 

-242 

-284 

58.6 

19.8 

2.5 

102 

-- 

3.4 

2.2 

5.6 






P06T1E3T 

0 

124 

2.5 

-265 

-287 

a.5 



" 


— 

— 

— 


11 

1>>6 

N 

« 

.18 

27000 

— 

— 

— 

- 

- 

’ 

“ 

- 

- 

" 

- 

- 

BIAVN rUSE ON LOX PIMP. 

u 

147 

H 

- 

PRE7C8T 

0 

108 

2.0 

-286 

-294 

17.0 


— 

- 

- 

- 

- 

- 

OVEBSPEED. 





6.7 

32720 

155 

13.7 

-247 

-237 

54.8 

30.8 

3.0 

Ill 


8.8 

1.6 

10.6 






P08TTE8T 

0 

92 

2.9 

” 

" 

— 

-- 



— 

— 

— 

** 


u 

148 

. 

- 

PRETEST 

0 

70 

2.2 

-286 

-292 

19.5 

— 

— 

- 

- 

- 

- 

- 

OVEBSPEED. 





15 

31680 

115 

10.6 

-257 

-287 

50.6 

35.2 

2.5 

Ill 

97 

6.2 

1.9 

10.1 






20.2 

33080 

108 

U.O 

-257 

-283 

49.0 

36.6 

2.5 

111 

97 

7.6 

2.5 

10.1 






poerasT 

0 

67 

1.8 

-272 

-289 

17.1' 

" 

- 

— 

— 

— 

— 

-- 


u 

149 

• 

" 

.05 

1200 

- 

" 

- 

- 

- 


— 


— 

— 



BLEV TURBINE INLET HOSE. 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 


Page 5 


I BUILD 
RO. 


U 


u 

11 


12 


12 


12 


12 


1 S 8 T 

MO. 


OBJECTIVE 


1>0 


1>1 

152 


153 


15 *» 


155 


156 


1 ,BCU.XI| 
LOX TEST 
2.5 HR. 


7 - 11-75 


7 - 16-75 


tt-W -75 


a- 5-75 


TIME 

MIN. 

SPEED 

RPM 

LOX SEAL 

KEUIM 8 EA 1 


u/a PR. 
PSIG 

D/s PR. 
PSIG 

m 

D ^3 TS 34 P 

LEAKAGE 

BCFM 

U/S PR. 
PSIG 

D/s PR. 
PSIG 

U/g BMP 

D/g TDO> 


LOX 

SIDE 

TURB 

SIDE 

total 

PRETEST 

0 

106. 5 



-292 

14.4 

m 

- 




- 

" 

15 

31800 

136 


-257 

•282 


10 

3.0 


92 


3.8 

5.6 

30 

31000 

120 


-257 

- 2 H 9 


in 

3.0 


92 


3.9 

5.6 

1*5 

31720 

115 


-254 

•282 

51.1 

31.6 

3.0 

uo 

92 


2.2 


6 o 

31000 

m .5 

10.35 

-257 

•289 

51.1 


3.0 

107 

92 

1.7 

4.5 


M .9 

29600 

110 

10.0 

-257 

-283 

51.2 

^^9 

10.0 

107 

92 

.28 

5.5 

5.8 

POSTOST 

0 

67.5 

■a 

-270 

-289 

19.7 


— 

— 

" 




.53 

30960 

249 


-242 

-297 

- 

34.8 

14.5 

76 

87 

— 

— 

-- 

PRETEST 

0 

92.5 

1^9 

-293 

-298 

23.4 

” 

" 

- 

— 

— 

— 

-- 

15 

32320 

121 

10.9 

-265 • 

-289 

45.7 

36 

.75 

84 

77 

10.4 

1.32 

11.7 

30 

32280 

117.5 

10.05 

-265 

-269 

47.7 

36.6 

3.0 

66 

69 

4.19 

2.66 

7.05 

1*5 

323*50 

iiii 

10.03 

-265 

-289 

47.1 

38 

.75 

87 

69 

4.62 

1.26 

5.68 

51 

32200 

U 3 

9.65 

-265 

-289 

46.5 

35.4 

5.0 

90 

69 

4.08 

3.53 


P 06 TTEST 

0 

70.5 

2.05 

-285 

-292 

17.7 

— 

— 

-- 





PREIMT 

0 

10 1 ) 

mm 

2 Hif 

-290 

47,0 

- 

- 

- 

” 

— 

— 

— 

2.2 

32880 

98 

B9 

•250 

-268 

113.01 

35.4 

11.0 

60 

-102 

4.6 

4.6 

9 .>* 

P 0 STTES 1 

0 

90 

2.1 

■275 

.287 

49.1 

— 

— 

— 

— 

-- 

-- 


nattst 

0 

142 

3.5 

■2B1 

■262 

63.5 

- 

- 

- 

— 

— 

” 

— 

.51 

3<>120 

122 

16.9 

•245 

-272 

105.6 

35.4 

25.0 

50 

-162 


5.5 

15.0 

POSTBSl 

0 

130 

3.0 

■262 

-282 

58.8 

— 

— 

— 

— 

H 

-- 

" 

PBETSST 

0 

124 

3.3 

-292 

.300 

15.8 

- 

" 

" 

— 


— 

— 

12.8 

33600 

90 

32.5 

•255 

-277 

67.8 

34.6 

18.7 

10 

-57 


— 

-- 

P 0 STTXS 7 

0 

- 

-- 

- 

— 

— 

— 

— 



H 



PREOST 

0 

158.5 

2.15 

•283 

-295 

26.4 

- 

” 

” 

- 


— 

— 

2.5 

32680 

U 4.5 

37.9 

■250 

-275 

117.4 

36.8 

11.25 

-15 

-112 

0 

1.02 

1.02 

poerasi 

0 

134 

7.1 

■277 

-292 

37.2 

1 

1 

1 


1 




IrURBIME CM2 DEPLETION. 


|lOX BEAL PRJilSBURS HIOU. 

DUKATIOM. CtMPUCWD 2.5 HOUHS 
OP TEST POINT 1 . SCHEDULED 
SEAL INSPECTION. LOX SEAL 
IN GOOD CORDITION, NO VKAB. 
KEUIM SEAL WORM UNEVEN. 


OVERSPEED. 


LOX DEPLETION. 


BFEEO CONTROL. 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 


Page 6 



set 

OfiJXCTlVI 

OArt 

TDS 

SPEED 

LOX SEAL 

EEUUt BEAL 

RDORXB 

IQ. 

10 . 


MU. 

RFM 

U /8 PH. 
P 8 IG 

P/S PR. 
PSIQ 

U/g IB<P 

D ^3 TIXP 

LEAKAGE 

U/S PR. 
PSIQ 

D/S PR. 

U/g IBff 

o/s nxp 

LEAKAGE 8 CFN 







sent 

PSIQ 


LOX 

1 URB 

mar 















SIDE 

SIDE 



12 

157 

P-I, 8 CH.n 
LOX nST 
2.5 HH 3 . 

8-5-75 

PRKTIBT 

0 

200 

12 

•260 

-287 

54.2 

- 

— 

— 


— 

— 


OVERS PEED. 





.<*5 

3361.0 

122.5 

61.6 

- 2 l »9 

-275 

131.0 

38.6 

10.5 

-Ill 

-165 

0 

1.02 

1.02 






posma' 

0 

185 

8.15 

-275 

-292 

Mt .5 


“ 

— 

— 

— 

— 

-• 


12 

15a 

" 

« 

PRXnST 

0 

190.5 

U .75 

-277 

-267 

52.9 

- 

— 

- 

- 

- 

” 

" 

0 V 1 R 8 PEKD. 





8.1.5 

31.21.0 

9 b . 5 

36.65' 

- 2 I »6 

-269 

111.1 

36 

9 

7 

-71 

u 

4.64 

li. 61 i 






poarres' 

0 

178.5 

10.5 

-265 

-262 

48.4 

" 

- 

- 

— 

-- 

— 

— 


12 

159 

" 

- 

PRE 1 Z 8 T 

0 

176 

11.5 

-290 

-290 

52.2 

” 

" 

- 

- 

- 

- 

" 

Sl/PDEI SPEED DROP. FAILED 
WATER BEAL U DRIVE TURSIR. 





11.2 

31200 

U 1.5 

34.7 

-250 

-277 

129.7 

36 

21 

0 

-96 

0 

* 1.75 

4.75 

TESTER USPECTED DUB TO UGH 





P 08 T 1 S 3 ' 

0 

165 

9.1 

-269 

-290 

43-7 








LOX BEAL LEAKAGE. LOX SEAL 
11 GOOD COIDITIOM. KEUIM 
SEAL WORE UXtVEI. RSU 8 TALU 1 
SAKE SEALS. 

13 

IbO 


8 - 26-75 

0.05 



.. 


__ 

.. 

— 

-- 

— 

— 

— 

- 

” 

10 SPEED READHO. 

161 

* 

" 

PBZnST 

0 

151 

5.5 

-295 

.300 

51.3 

" ' 

- 

- 

“ 

— 

— 

— 

DURATIOM TEST. CCMPITTSD 
5 HOURS OP TEST POUT 1 . 





15 

32520 

171*. 5 

20.35 

-232 

-282 

121».7 

34 

21.5 

102 

-72 

8.526 

5.413 

13.93 

SCHEDULED SEAL IXSPECTION. 

1 




30 

32120 

165 

19 

-237 

-287 

U 5.9 

35.2 

20 

100 

-102 

9.803 

5.234 

15.03 

LOX BEAL DAM SCORED WITH 
CONCENTRIC GROOVES. NO 





*5 

31920 

161.. 5 

18.1.5 

-232 

-282 

U 3.6 

36 

21 

100 

•101 

9.555 

5-373 

14.92 

ADDITIONAL NEAR ON HIUIM 





60 

32000 

163 

18.55 

-237 

-287 

114.4 

ko 

22 

97 

-107 

9.145 

5.674 

14.82 

SEAL. INStALLED NEW LOX 
SEAL CARBON RING AND MATING 





75 

32000 

160 

17.9 

-232 

-282 

U 2.0 

35 

22 

102 

-110 

9.070 

5.505 

14.57 

RING, SAME EEUIM SEAL. 





90 

31960 

158.5 

is.l. 

- 2 ltO 

-287 

109.9 

32 

18 

100 

-112 

11.262 

4.895 

16.15 

INCREASED LOX SEAL SPRINO 
LOAD. 





165 

31720 

156.5 

17.6 

-236 

-290 

107.8 

34.8 

19 

100 

-107 

11.955 

5.078 

17.03 





120 

32000 

157.5 

16.5 

- 2 l »0 

-291 

104.7 

36 

19.5 

98 

-110 

U .387 

5.162 

16.56 






poemsT 

0 

90 

6.1 

-275 

-297 

58.1 

" 


— 

— 

— 

•• 

•• 



162 

P-I, 8 CUJ 1 
LOX nST 

9 - 15-75 

PRElEaT 

1.35 

0 

31600 

260 

306.5 

0 .l »5 

a 

-287 

-220 

-307 

-295 

4.8 

77-5 

3^6 

22.75 

90 

-132 

7.3 

V.i 

1^8 

OVERSPEEO CUT. 



5 KKB. 
250 F 81 Q 


POSTTIBT 

0 

200 

5.65 

-262 

-300 

37.0 

- 

" 

" 

- 

- 

” 

" 


n 

163 



PRRK 8 T 

7.05 

0 

32660 

191.5 

225 

5 

16.35 

-282 

-227 

.232 

-205 

33.8 

65.6 

^.8 

20 

94 

91 

5.7 

7.9 

13.6 

0 VEH 3 PEE 0 CUT. 





P 06 T 1 XST 

0 

133 

3 

-277 

-295 

23.2 

— 




■■ 

■■ 



14 

161 > 



PRETEST 

0 

231 

9.3 

-277 

-282 

52.7 

— 

— 

— 

— 

— 

— 

-- 




5.95 

POBTIEST 

32 k 60 

0 

220 

175 

17 

5.3 

-227 

-272 


66.9 

50.0 

37.6 

20 

99 

97 

6.0 

7.9 

13.9 

OVERSPEED CUT. 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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BUILD 

I0« 

1K8T 

OBJXCTIVX 

DATl 

Tsa 

SPEED 

LOX SEAL 

HCLllM SEAL 

REMARKS 

BO. 

NIB. 

Rm 

U/S PR. 
PSIG 

D/s PR^ 
PSIO 

U/g TWP 

D^s nw 

LEAKAGE 

U/B PR. 
PSIO 

D/0 PR. 
PBIO 

u/g^lWP 

d/s TIMP 

LEAKAGE SCm 






sent 



TURB 
















SUES 

8IXB 



lit 

165 

Ml TS8T 
^ HRS. 
250 PSIO 

9-15-75 

*RK*resT 

2.2a 

•osmsT 

0 

30960 

0 

£lk 

166.5 

i!35 

k.5 

17.15 

18 

-285 

-237 

-265 

-292 

-290 

.300 

33.1 

49.6 

7.8 

5.4 

36.0 

1.2 

5 

21 

6 

97 

96 

98 

-137 

-119 

-100 

1*8 

6.2 

10.0 

NO ACCKL. READIMO’ 

















.. 

NO SPEED niACE. 

Ik 

166 

** 


— 

“■ 

"* 












DURING ACCELERATION LOX SEAL 

Ik 

167 

H 

•• 

PROT8T 

0 

— 

— 

*" 

•• 


■* 





.. 

.. 

D/a FMiaa OVZR red uie 



0.01 

17600 

-* 

•• 

““ 






__ 


.. 

.. 






P06TT881 

0 

•• 












DURINQ ACCEURATION IMX 

Ik 

168 

•• 


PHTTOT 

0 

— 

— 

— 

*■ 

-- 





__ 


.. 

SERI. D/8 PRESS OVER RIDI.IRE 



0.01 

19kOO 

— 

■■ 

““ 

*• 

* 





__ 


.. 






POSTOS'J 

0 

— 

— 

•• 


“ - 









Ik 

169 

- 

• 

PWCTS8T 

1 

0 

22000 

298.5 

302 

21 

36.7 

-207 

-242 

-277 

-267 

249.8 

260.0 

20. k 
35.8 

20 

18 

101 

100 

-167 

-190 

-• 

2.97 

2.97 

evr TO RESET WX SEAL 
CAVITY PRESSURE. 





P0ST1E81 

0 

— 

— 

•• 

-- 

— 

"" 








Ik 

170 

" 


PRSIMT 

15 

30 

kk.65 

posTnai 

0 

32120 

32000 

33600 

0 

2kO 

215 

170 

lk9 

70 

20.6 

22.k 

16 

16 

8.7 

-282 

-260 

-237 

-246 

-262 

-275 

.280 

-280 

.285 

-285 

2k6.2 

129.1 

107.5 

105.6 

97.9 

20. k 

36 

36 

35 

8.6 

19.25 

13 

15 

u 

9 

100 

100 

102 

100 

100 

.165 

.117 

.12k 

-127 

.12k 

9.k 

6.8 

8.6 

6.1 

6.6 

5.7 

15.5 
13. k 
Ik. 3 

WX SEAL CAVm PRESSURE 
DECAYED STEADILY DURIRO 
TEST. OYERSPEED CUT. 

Ik 

171 

< 

■ 

PRKTEST 

0 

254 

222.5 

7 

39 

-200 

-262 

-295 

.272 

78.1 

>3k6.3* 

6.6 

39 

b 

38 

](X) 

100 

-212 

-290 

— 

1.4 

1.4 

CUT WUhiN SPEED COUIJ) NOT 
BE INCREASED. 





P08TTB81 

0 

215 

2k. 7 

.270 

.280 

273.2 

3k. 6 

25 

100 

-227 





lit 

172 

" 

« 

PRBTE8T 

.01 

POSTTESl 

0 

19520 

0 

276 

271.5 

267.5 

32.6 

Vd 

32 

-275 

-265 

-272 

.281 

.270 

.260 

330.6 

.■353.5. 

319.1 

30.0 

49 

29.4 

30.25 

k3 

30 

102 

102 

102 

.167 

.285 

-227 

— 

1.5 

1.5 

Cirr WHEN SPEED COULD NOT 
BE IRCKEASED. 

* Ik 

173 


N 

PRETEST 

•01 

F06TTBS 

0 

20300 

0 

268.5 

272.5 
267 

33.7 

k& 
29. k 

-277 

.260 

-275 

-201 

-270 

-277 

32k.8 

>352.k» 

302.0 

32 

k7 

26.k 

31.25 

kk.25 

P 

101 

101 

102 

-ir^ 

-203 

-227 

- 

1.5 

1.5 

cm* WHEN SPEED COUID 
NOT BE INCREASED. 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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fiUIU) 

TS8T 

oaixcTivi 

DATS 

TIMS 

SPIED 

LOX SEAL 

BXLllM SEAL 

REKARXB 

10. 

10. 



MIX. 

RIM 

U/S PR. 
PSIG 

D/s PR. 
F8IQ 

U/g IBIP 

D^3 BMP 

lEAKACS 

U/8 PR. 

D/B PR. 

U/8 TIMP 

D/8 TSMP 

UAKAOE 8CFM 








sent 

PSIO 

PSXO 

“p 

®p 

LOX 

TURB 

mxL 















8ISB 

SIDt 



1>> 

m 

»-i,saLii 

9-17-75 

PRETEST 

0 


33 

‘-275 

-260 

320.1 

31.2 

31 

102 

-167 

-- 

— 

— 

CUT VHEM SPEED COULD NOT BZ 

un TEST 

.01 

20,240 

256.6 

42.7 

-257 

-281 

351.2* 

42 

4l 

104 

-283 

— 

1.5 

1.5 

INCREASED 



$ HAS. 
250 P81G 


posruaT 

0 

250 

26.5 

-267 

-277 

297.1 

26 

25 

104 

-250 

— 

— 

— 



175 



PRETEST 

0 


30 

-260 

-262 

310.3 


26 

102 

-120 

— 

— 

— 

cur WHEN SPEED COULD NOT 



.01 

1U,640 

265 

46 

-270 

-262 

348.4* 

49.4 

44 

102 

-185 

*• 

1*9 

1.9 

BE INCREASED 





poerasT 

0 

262 

33.5 

-275 

-260 

322.9 

31.2 

27.8 

102 

-160 

-- 

— 

— 


111 

176 

- 

« 

PRSnSST 

0 

I5b.6 

26 

-277 

-26a 

290.8 

27 

25 

104 

-152 

” 

" 

- 

LOW SPEED. TESTER INSPECTED 
DUE TO SPEED PROfiUM. 





.01 

20,720 

175 

31.5 

-265 

-271 

351.0* 

36 

36 

102 

•190 

•• 



TESTER ShO. FAILED. LOX SEAL 





POSTTEST 

0 

155 

24.5 

-272 

-277 

275.5 

22.4 

20.8 

102 

-170 




DAM WORN. PADS AND NATS II 
GOOD CONDITION. NO ADD. 
WEAR ON Ha SEAL. INSTALLED 
NEW LOX CARBON 4 MATS, SAME 
Ha SEAL. 

15 

177 

. 

10-20-75 

PRE1XST 

0 

246.6 

1 

-260 


7.2 

0 

0.5 

87 

-152 

- 

- 


LOW SPEED. 





.01 

19, >>80 

256.6 

15.9 

-270 


U9.6 

12 

13 

89 

-192 

” 

— 







POSTTEST 

0 

245 

3 

-260 


33.2 

o.a 

2 

87 

-180 

— 

— 



15 

178 



PREBEST 

0 

241.5 

3.7 

-260 


42.0 

0.6 

2.5 

87 

-162 

- 

- 


LOW SPEED. 




.01 

19,600 

258.5 

25 

-265 


201.8 

27 

25 

87 

-195 

3.8 

9.3 

13.1 






POSTTEST 

0 

242.5 

5 

-260 


51.6 

32.6 

21.5 

87 

-174 

— 

— 



15 

179 

* 

. 

PRETEST 

0 

240 

3.9 

-260 


44.0 

1.2 

0.3 

87 

-157 

- 

- 


LOW SPEED. 




.01 

19,680 

254.5 

24.7 

-265 


201.9 

30 

26.5 

87 

-162 

3.2 

9-5 

12.7 






poenssT 

0 

244.5 

6.7 

-280 


33.2 

1.4 

3 

86 

-147 

— 

-- 



15 

leo 

N 

- . 

PRETEST 

0 

238.5 

3 

-281 


27.7 

0 

1.5 

90 

-90 

- 

- 


LOU SPEED. 





.01 

19,060 

230 

15 

-268 


152.3 

18.4 

19 

90 

-127 


4.6 

4.6 






POSTTEST 

0 

230 

6.2 

-260 


64.0 

2 

4 

90 

-127 

-- 

— 



15 

181 

. 

. 

PRETEST 

0 

231.5 

5.9 

.285 


65.1 

2 

4 

87 

-150 

- 

- 


LOW SPEED. 





.01 

22,560 

249 

17 

-284 


122.3 

32 

15.5 

86 

.202 

10.3 

7.0 

17.3 






POSTTEST 

0 

230.5 

7.7 

-264 


83.6 

1 

20.5 

86 

-185 

" 

— 

— 


^5 

162 


H 

PRETEST 


150 

0.6 

-284 


39.1 

0.4 

2 

64 

-118 

- 

- 

" 

LCU SPEED. 




1.05 

24,520 

207.5 

8.7 

-264 


61.2 

30.8 

13 

64 

-127 

9.4 

6.3 

15.7 


1 




POSTTEST 


162.5 

6.5 

-284 


60,0 

5 

24 

64 

-118 


_ 




*ORincs ^ naatsi uuma is oBEms tms number srovw 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY Page 9 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 


Page 10 


BUILD 

10 . 

«ST 

BO. 

OfiJSOTIVB 

DATS 

TIME 

MIB. 

SPEED 

Rm 

LQX SEAL 

HELIIM SEAL 

REMARKS 

U/a PH. 
P 810 

D /8 PR. 
P 810 

u/g isa 

B^a nao 

LEAKAGE 

6 CFM 

U /8 PR. 
P 8 I 0 

D/S PR. 
P 81 Q 

U/g^IIMP 

D/S ITMT 

r 

1 LEAKAOI 8 CFM 


LOX 

SIDE 

T\JRB 

SIDE 

TOTAL 


!•> 

191 

P- 1 , 8 CUI 

LO- 22 -Y 5 

PRETEST 

- 

173.5 

12.7 

-207 

-264 

113.3 

30 

17 

75 

-137 

.. 



LOW SPEED 



, 


0.01 

21 ,li 00 

ifio 

23 

-269 

-284 

166.4 

31 

16 

75 

-137 

7.1 

7.4 

14.5 






POSTTicai 

” 

J70 

9.7 

.207 

- 2 fll 

99.8 

6 

10 

75 

-127 

— 

- 

-- 



192 


•• 

PRET 1 J 3 T 

-- 

2W.5 

7 

-272 

-286 

90.5 

5.2 

11 

75 

-137 

.. 

•• 


OVERSPEED. 





3-2 


236 

10 

.255 

-29b 

69.9 

33 

■ 6.5 

72 

-142 

11.8 

2.7 

l»t .5 






POSTTEST 

” 

163.5 

a 

.269 

-297 

76.0 

42.4 

6 

72 

-137 

- 

— 

— 


15 

193 


• 

PRETEST 

- 

233.5 

10.2 

- 2 -f 7 

•292 

125.6 

8 

20.5 

10 

-137 

.. 

.. 

.. 

OVEKSFEED. 





13 .li 

32,l|00 

1^0 

9.6 

.252 

-291 

72. a 

34.6 

11 

73 

-137 

7.0 

6.5 

13.5 






POSTlEai 

— 

IBO 

2 

-267 

-300 

48.6 

27.4 

19.5 

73 

-137 

- 

- 

— 


15 

194 


* 

PRETEST 

- 

230 

0.1 

-270 

-292 

13.2 

0 

0 

72 

-227 

.. 

.. 


ACCtXOMETfcR LEVEI.. 





15.175 

31,600 

236.5 

14.5 

-255 

-291 

94.0 

34 


71 

-147 

9.0 

4.2 

13.2 

WATER SEAL IH DRIVE TURBINE 



















PAILED. ICE IB SEAL CAVITY. 





POSTTEST 

•• 

50 

13.5 

-266 

-287 

79.6 

12 

5 

0 

-137 

— 

-- 

.. 

DRIED TE 31 SR. SWITCHED FROM 



















WATER TO AIR IB TURBIME PIMP 

15 

195 


U- 5-75 

PRETEST 

0 

249 

5.9 

-290 

-301 

77.4 

3.4 

3 

77 

-137 

-- 

• >. 

-- 






0 . 0 $ 

7,600 

226.5 

15 

-290 

-301 

110.7 

30 

30 

60 

-147 



6.7 

6.7 

LOW TURBINE PKESSUKE 





FOSTTEST 

0 

2311 

16.5 

.290 

-301 

160.1 

24 

15 

60 

-171 

““ 

— 

— 


15 

19 b 


- 

PKmST 

0 

235 

13 

-285 

-292 

159.0 

10.4 

11.5 

81 

-155^ 




IM TURRINI FHESSUHI 





0.10 

12,520 

233 

24.7 

-285 

•292 

280.4 

30.6 

30.7 

&4 

-186 

— 

9.7 

9.7 






POSTISST 

0 

227 

14.7 

-265 

.292 

172.6 

24.6 

16.25 

81 

-186 

— 

— 

— 


15 

197 

- 

•• 

PRETEST 

0 

226.5 

13.4 

-282 

.292 

162.9 

10.4 

11.65 

83 

-157 

.. 



LOW TURBINE PRESSURE 





o.llt 

17,560 

227.5 

27 


-292 

283.6 

29.4 

30 

85 

-157 

— 

7-5 

7.5 






P 08 TTXST 

0 

227 

13.9 

-261 

.292 

166.2 

10.4 

12 

84 

-177 

— 

— 

— 


15 

198 

- 


PRETEST 

0 

226 

15.1 

-281 

-292 

194.5 

12 

13.5 

84 

-162 




LOU TURBINE PRESSURE 





0.14 

16,260 

226.6 

29.2 

-275 

-292 

306.6 

32.4 

33.65 

85 

-177 

— 

7-5 

7.5 






P 08 TTSST 

0 

216 

14 

-281 

-292 

160.3 

10.4 

U.65 

83 

.190 

-- 

— 

-- 


15 

199 

- 

- 

PRETEST 

0 

218.5 

15.9 

-281 

-290 

198.0 

12.6 

14 

84 

-162 



__ 

LOW TURBINE PRESSURE 





0.14 

18,360 

227 

29.8 

-274 

-290 

299.9 

30 

31.35 

85 

-162 

— 

7.0 

7.0 


. ■ 




P 06 TTLST 

0 

as 

14.7 

.281 

.290 

170.2 

9.4 

13.5 

83 

-187 

.. 

— 

— 


15 

200 

- 

*• 

PRETEST 

0 

217 

16.6 

-281 

-290 

199.4 

13.0 

14.5 

84 

-160 



•• 

LOW TURBINE PRESSURE 





0.2 

21 , 6 I |0 

225 

32.2 

-267 

-290 

314.8 

29.4 

29.35 

85 

-195 

.. 

6.4 

8.4 






POSTISST 

0 

223.5 

14.1 

-280 

-290 

161.2 

20 

14.85 

84 

-187 

— 

— 

" 


15 

201 

- 

« 

PRETEST 

0 

224.5 

16.6 

-280 

-287 

198.0 

13.6 

14.75 

84 

-165 




LOW SPEED 





0.41 

22 ,I|J |0 

216 

32.3 

-260 

•292 

282.6 

29.4 

31.65 

64 

-202 

.. 

9.9 

9.9 






POSTTEST 

0 

21 $ 

13 

.277 

.292 

205.4 

10 

U.75 

62 

-197 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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BUILD 

ao. 

1X8T 

OBJaCTIVK 

DAB 

Toa 

SPEED 

LOZ SEAL 

RELIIM SEAL 

RQORJCS 

ao. 

Mia. 

RFM 

U/8 PR. 
PSIO 

D/a PR. 
P810 

u/| raa 

D^a TSW 

LEAKAGE 

6CIM 

U/a PH. 
F8IQ 

D/S PR. 
PSIO 

U/8 T3HP 

r 

D/g roff 

LEAKAGE 8CFM 






LOZ 

SIDE 

TURB 

SIDE 

TOTAL^ 



'M2 

P-l,801 -11 

U-5-75 

PHBTE3T 

0 

53.5 

b.6 

-2b2 

-301 

85.3 

4 

5 

79 

-157 

- 

- 

" 

OVEKSPEEO 




0.19 

36,toJ 

60 

22.2 

-245 

-301 

200.2 

30.8 


79 

-192 

1.5 

10.2 

11.7 






pOSlBST 

u 

53.5 

4.6 

-262 

-310 

97.5 

26 

13 

77 






15 

203 

” 

" 

PRmST 

0.29 

0 

130 

175 

12.2 

27,5 

-265 

-2«*7 

-298 

-295 

15H.9 

246.1 

9.0 

30 

9.75 

30 

77 

79 

-162 

-192 

— 

6.6 

8.6 

OVEHSPEED 





P03TTK3T 

0 

48.5 

3.7 

.265 

-301 

40.2 

2 

13.5 

77 

-205 





15 

204 

' 

■ 

PHSTeat 

l.b5 

0 

24,520 

146,5 

205 

14.7 

18.7 

-265 

.257 

-297 

-297 

178.8 

142.0 

U.4 

29.6 

12.35 

5 

78 

77 

-162 

-107 

6'5 

4.9 

11.4 

LOW SPEED 





POGTreST 

0 

148.5 

14.1 

-262 

.297 

131.5 

10 

.35 

77 

-105 





15 

205 

" 

11-10-75 

PBKB8T 

0 

22,160 

230 

220.5 

50 

65 

.260 

-264 

-295 

-275 

18.6 

222.5 

0 

30.4 

.1 

27.5 

91 

90 

-182 

-192 

.. 

*6.4 

*^4 

LOW SPEED 





P03TBST 

0 

206.5 

68.7 

-276 

-278 

165.3 

13.0 

13.5 

90 






15 

20b 

N 

m 

PBKBST 

0 

253.5 

61 

-285 

.287 

151.0 

8.6 

9.7 

83 

-183 

— 

-- 

— 

OVEKSPEEO 




1.25 

33.680 

lB2 

67.8 

-262 

-295 

83.1 

33.6 

3.2 

81 

-142 

6.7 

3.8 

10.5 






P08TBST 

0 

96.5 

59 

-262 

-285 

159.9 

11.6 

9.5 

81 

-113 

-• 

-- 

— 


15 

207 

H 

M 

PRBBST 

0 

143.5 

66.7 

-dBZ 

-263 

217.3 

14.6 

15.7 

81 

.. 

— 

— 

— 

OVERSPEED 



1.33 

33, ew 

195 

60.4 

•2i£ 

.265 

113.0 

26 

3 

81 

— 

5.0 

2.9 

7.9 





P06TB3T 

0 

110 

65.3 

-262 

-282 

161.6 

13 

14.6 

81 




•• 


15 

20S 

M 

M 

PRETEST 

0 

139.5 

b2.1 

-260 

-263 

183.9 

10 

11 

79 

.. 

— 

— 

-- 

LOX DEPLETION 



12.55 

32,060 

236 

67.5 

-242 

-290 

121.4 

34.6 

3.5 

72 

— 

7.5 

3.5 

11.0 





POSTTEST 

0 

20 

49.6 

-285 

-295 

16.2 

0 

.3 

72 



•• 

•• 


15 

209 

M 

» 

PRSBST 

0 

132.5 

56.3 

-285 

-283 

86.6 

5 

5.9 

74 

.. 

— 

— 

— 

laSTRtKENTATlOH PROBLEM 



1.98 

31.960 

204 

62 

•260 

-264 

105.3 

35.6 

^.9 

75 

-- 

5.5 

4.3 

9.0 





POSTTEST 

0 

121 

67 

-262 

-260 

197.1 

14.4 

17.4 

75 

— 

— 


•• 


15 

210 

« 

M 

PRETEST 

0 

121 

65.3 

-282 

-260 

192.4 

13.8 

15 

75 

.. 

— 

— 

— 

DURATION - CCMPLETED 5 HRS. 



15.68 

32,160 

252 

67.7 

-240 

-282 

123.7 

28.6 

7.9 

69 

-• 

2.0 

5.0 

7.0 





POBTBST 

0 

20.5 

50 

-283 

-262 

I6.9 

U 

.2 

69 

“■ 


•• 

•• 

AT 250 PSIO 

15 

211 

•• 

m 

PRETEST 

0 

133.5 

53.6 

-262 

-292 

62.9 

2 

3 

70 

.. 

.. 

— 

— 

HIGH TURBINE PRESSURE 



3.18 

32.360 

227.5 

71 

.267 

-280 

130.5 

34 

10 

72 

-- 

4.5 

6.3 

10,7 





P06TZE8T 

0 

149 

70 

.267 

-267 

219.6 

31.8 

24.3 

72 

— 

•• 

— 

-- 


15 

212 


m 


0 

146.5 

67.3 

-287 

-267 

220.7 

15.8 

16.7 

73 

.. 

.. 

— 

— 

LOX, GN 2 DEPLETION 



16.7 

27,320 

315 

82 

.250 

.287 

240.7 

34 

5.7 

65 

— 

2.5 

4.5 

6.9 





POSTTEST 

0 

18.5 

50 

-282 

-287 

17.7 

0 

.3 

64 

— 

•• 

•• 

-- 


15 

213 

N 

U-12-75 

PRETEST 

0 

133.5 

.6 

-262 

-295 

95.1 

15 

13.3 

90 

-132 

— 

— 

— 

1 INCH DU. LOX DRAIN ORIPICE. 


0.05 

iO TRACS 

148 

14.5 

- 2^/2 

-295 

191.3 

15 

13.3 

90 

-147 

2.4 

4.3 

6.6 

NO SPEED TRACE. 





POSTTEST 

0 

112 

12.7 

.262 

-282 

170.0 

12.2 

13.5 

90 

-140 








TABLE C-1 


m 

S8T 

NO. 

OBJicnvi 

B 

TIME 

HU. 

SPEED 

RM 


u/a ra. 
raio 

D/a PR. 
PSIO 

15 

21>« 

p-i,scb-n 

11-X2-7S 

PRETEST 

0 

113.5 






0.24 

27,060 

190 

ESI 





POSTTEST 

0 

106.5 

11.5 

15 

215 



PRETEST 

0 

107.5 

15.2 





0.33 

^i,eoo 

190 

25.3 





POSTTEST 

0 

106 

15.8 

15 

216 

N 


PRETEST 

0 

125 

16 





0.53 

30,760 

210 

16.7 





P06TIEST 

0 

120 

14.9 

15 

217 

- 

•• 

PRETEST 

0 

121 

14.2 





1.6 

26,000 

256 

23.4 





P06TTE3T 

0 

198.5 

21 

15 

21ti 



PRETEST 

0 

210 

2U.6 





1.15 

£9,400 

275 

24 





P08T1S8T 

0 

2o6 

21.7 

15 

219 



PRETEST 

0 

205 

20.4 





0.43 

39,700 

330 

25.4 





P0ST1E8T 

0 

268.5 

21 

15 

220 

- 

- 

PRETEST 

0 

198.5 

14 





3.2 

32,400 

350 

29.7 





k,l 

32,600 

375 

32.3 





V.5 

33,720 

iiOk 

32.3 





9.5 

33,280 

398.5 

32.3 





POSTTEST 

0 

118 

21 

15 

221 


- 

PRETEST 

0 

2U.5 

8.2 





2.1 


358 

30.1 





posmsT 

0 

230 

27 

15 

222 

- 

- 

PRETEST 

0 

263.5 

15.3 





u.o 

32,120 

340 

24.4 





POSTTEST 

0 

1.5 



s> 

U) 
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. NASA CRYOGENIC SEAL TEST SUMMARY 
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U/8 TB4P D/8 TB4F LEAKAGE 8CFM 

V *T0X PTiiRB 

BIDE film 




ERRONEOUS ACCEL. 


ERRONEOUS ACCEL. 


LOW TUKblNE PKESSUHE 


LOW TURBINE PRESSURE 


LOW TURBINE PRESSURE, CUT 
LOX PIMP BEPORE TURBINE. 


LOX DEPLETION 


LOX DEPLETION 


PIRE AT SEALS. 

HOLE THRU HOUSING AT LOX 
SEAL DRAIN. THREE HOLES 
THRU BOUSINO AT TURBINE SIDE 
DRAIN. 
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TABLE C-1, NASA CRYOGENIC SEAL TEST SUMMARY 


BUILD sat OBJXCTIVS MU TZMZ 8FISD 

10 . VO. KDt. m 


16 223 SCH. II 5 -lMb 0.100 


PI SCH II 6 - 30-76 0.150 6320 

LOX ICST I 

.25 HOUR " 0 . 3?5 


.25 HOUR 
350 PBIQ 



60 1 207.5 2a.a 

187.5 26,a 

U4.0 21.0 

145.0 24.6 

20 170.0 23.9 

20 259.5 13.a 

278.0 14.2 

245.5 12.5 

246.0 12.8 

720 I 240.0 12.5 


190.5 11.0 

299.5 26.9 

307.5 13.0 

330.0 13.3 

305.0 13.0 

309.0 13.0 


354.5 13.5 1*217 


139.6 55.4 

132.4 57.6 

lto ,2 55.4 
136.0 54.0 

131.4 53.6 

74.4 52.0 

75.2 51. a 

66.9 51.6 

63.4 51. a 

60.3 51-a 


65.3 46.6 

94.6 53.2 

78.1 50.0 

63.3 49.6 

77.2 49.2 

75.6 50.0 


63.4 50.0 


SPEED CHECKOUT 


mRINQ PRES. REDLINE 
BEARINO PRES. REDLINE 


bEAHIHG PRES. REDLINE 

BEARING PRES. REDUNS 

SPEED SWITCH CUTOPP 

.OPERATOR CUTOPP 

OPERATOR CUTOPP 
TESTER INSPECTED DUE TO JERKY 
TURNING TORQUE. HELIIM SEAL 
LOX SIDE RING RUBBED TTIRU 
CHRCME. CARBON WORN 
EXCESSIVELY. LOX SEAL IN 
EXCELLENT CONDITION. INSTAL* 
US NEW KELIM SEAL k MATE 
WITH INCREASED CUARANCE 
(.007 INCH) REIMStALLED 
SAKE LOX SEAL. 

NO SPEED TRACE 
OVERSPEED CUTOfP 
Q-LEVEL cur, SINGLE SPIKE 
OVIR SPEED CUTOPP 
ERRCMEOUS UNDERSPEED CUTOPP 

DURATION, COMPLETED TEST POIN' 

#4 

DURATION, TEST POINT #5 
SCHEDULED BEAL INSPECTION. 

LOX k HELllM SEALS IN 
EXCELLENT CONDITION. 
REINSTALLED SAME SEALS. 
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TABLE C-1 


BUILD 


ovxcnvx 

MTE 

Tm 

SPUD 



m 

■ 



KIBp 

BPM 

u/a PR. 
PSIC 

D/8 PR. 
P8IQ 

18 

2l*0 

PI sen II 
LOX TC3T 

7-21-76 


20600 

- 

- 


2l*l 

1* HOURS 
1*00 PSIO 



27000 

• 

■ 


21*2 


" 

5.0 

32680 

1*05.0 

15.0 


21*3 


•• 

15.0 

31960 

382.0 

12.0 


2V1* 


" 

15.0 

32680 

385.0 

15.2 


• 


» 

30.0 

32080 

38f*.5 

15.2 


- 


- 

1*5.0 

31320 

392.0 

15.1 





50.0 

31120 

364.5 

16.6 


21*5 



15.0 

31920 

390.0 

15.0 


•• 


- 

30.0 

32200 

391.0 

15.2 


" 



35.3 

301*80 

377.5 

19.0 


21*6 


7-28-76 

.1 

17280 

- 

- 


21*7 


■ 

.1 

1121*0 

- 

- 


2U8 


* 

16.0 

32800 

385.0 

15.5 


2>*9 


- 

.65 

3441*0 

434.0 

14.1 


250 


« 

.83 

34360 

417.5 

13.9 


251 



3.05 

31520 

414.0 

14.6 

M 

252 


N 

5.8 

32280 

384.0 

14.8 

H 

253 

N 

7-28-76 

15.0 

31720 

376.0 

17.0 

M 

H 

It 


30.0 

32440 

362.0 

19.4 

It 

251* 


8-2-76 

15.0 

32080 

378.0 

21.5 

m 


m 

■ 

ao.o 

301*00 

367.5 

22.5 

m 

255 

m 

" 

l*.9 

31680 

4U.0 

17.5 

m 

256 


” 

3.7 

32060 

398.5 

13.9 


257 



■ 

32280 

409.5 

13.8 


LQX OUL 


KIUIM BIAL 


UAKAOI Bern 



-2X1 -892 

-221 -296 

•22li -296 

-22l| -293 

-227 -296 

-227 -296 


99-9 50.it 

92. a I19.6 

95.0 50.2 

96.6 50. It 

97.0 51.2 

98.2 50.0 


22.lt 9lt 

21.1 98 

21.6 98 

21.2 100 

20.6 97 

20.6 97 


- 95 2lt.8 

-lilt 25.3 

-113 25.2 

-117 25.6 

-131 26.3 

-127 26.3 


21.3 1*6.1 

20.5 1*5.8 

20.6 1*5.8 

20.1 1*5.7 

19.7 1*6.0 

19.7 1*6.0 


-227 -293 

-228 -296 

-237 0291* 


98.3 51.1* 

97.3 51.1* 

lol*.6 51.1* 


20.9 96 

21.1* 93 

19.7 93 


-120 26.0 
-129 25.7 
-109 27.1 


20.3 1*6.3 

20.7 1*6.6 

19.5 1*6.6 


-22l* -289 

-219 -293 

-220 -293 

-220 -292 

-227 -285 

-230 - 285 

-2l*0 -293 

-250 -267 

-252 -286 

-220 -289 

-220 .293 

-215 -28r 


88.7 50.2 

91.6 1*7.1* 

86.3 1*7.0 

86.9 50.1* 

97.1* 1*7.1* 

97.8 53.1* 

105.9 50.0 

122.5 51.6 

115.6 51.0 

83.6 50.0 

80.9 50.0 

82.1 1*9.8 


21.0 99 

13.1* 98 

12.7 98 

■ 13.9 98 

19.5 100 

20.1 98 

19.8 92 

22.0 91* 

20.8 96 

12.5 95 

12.1* 91 

12.0 93 


-106 27.6 

- 90 29.7 

- 95 30.2 

- 96 33-1 

- 96 25.0 

- 91 28.6 

- P3 23.1* 

- 67 21*. 1* 

- 65 29.8 

- 90 32.6 

- 87 32.7 

-101 32.0 


17.1* 1*5.0 

13-9 1*3-7 

13.1* 1*3.7 

U.7 1*7.7 

18.1* 1*3.3 

I9.I1 1*8.0 

19.1* 1*2.8 

19.8 U.3 

18.9 1*8.7 

12.2 1 * 1*. 8 

12.1 41*.7 

12.1* U.l* 



LOW spm> 

lOU SPEED 
OPERAIOH CUTOIT 
RECORDER PROBLEMS 


lOU ONj, PRES. VISICORDER 
STOPPED. 

LOU ORj 2828. NO VISICORDER 

ERRONEOUS ACCEL REDLINE 

ERRONEOUS ACCEL REDLINE 

OPERATOR CUTOPP 

OVERSPEED 

OVERSPEED 

I.OU SPEED 

INSTRIMENTATION PROBLEM 

OPER COT PAPER LOW 

LOW GN^ PHEN. 

LOU SPEED 

lOU SPEED 
LOW SPEED 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY Page 15 




BUIU 

10 . 

nsT 

10 . 

oimcTivi 

lATS 

TIMB 

BPEEO 

LOZ SEAL 

HZUIM BEAL 

BEKAJUCS 

NIB. 

RFN 

u/a PR. 
PSIO 

D/B PR. 
P 8 IQ 

U/g TQ 4 P 

o^s nKP 

LEAXAOB 

U/B PR. 
PSIO 

D/s PB. 

U/g BXP 

D/s TJW 

IXAXAOB scm 

«nr“ 






scm 

PBIO 

®F 

LOX 

6 H 2 

IVRB 

BISB 


18 

288 

PI SCli II 
.ox TKS’I’ 
U HOURS 
>400 PSIG 

8 - 2-76 

6 . fa 

32120 

412.0 

14.8 

^14 

- -287 

83.6 

49.6 

11.6 

90 

- 98 

30.9 

12.6 

43.5 

I.OU SPLED 


259 

M 

- 

.1 

21600 

4 ( 10.5 

12.3 

.281 

-p 86 

99.9 

45.8 

8.5 

91 

-137 

33.0 

10.5 

43.5 

ACCEL REDLINE. IXVEL 
INCWASED WITH SPEED TO 







* 











10.5 i;pp. RfXOKlID TtSTER 
POR :nspfction . TJ-STER 
TI HIIRT MERINO FAILED. SE 1 I .3 
IB GOOD CONDITION. 



19 

260 

> 

9 - 2-76 

2.67 

32800 

385.5 

21.8 

-235 

-285 

115.1 

51.6 

16.5 

102 

- 58 

26.6 

19.0 

15.9 

ERRONEOUS CITT 


261 

> 


1.90 

33800 

412 . 

16.6 

-280 

-201 

105.6 

51.6 

16.5 

1 U 4 

- 49 

27.1 

1S.9 

46.0 

OVW SPEED 


262 



15.0 

31360 

382.5 

17.8 

-229 

-287 

99.5 

50.0 

17.2 

100 

- 51 

27.6 

17.2 . 

44.6 



.*• 



30.0 

31960 

385.0 

ia .9 

-225 

- 2 fl 0 

102.2 

50.2 

17.5 

102 

- 56 

27.0 

17.7 

44.7 



> 



*15.35 

33600 

393.5 

17.7 

-223 

-284 

97.2 

49.6 

16.8 

97 

- 6 l 

27.8 

17.2 

45.0 

OVEHSPEED 


263 



15.0 

33200 

391.5 

18.2 

-221 

-284 

98.4 

48,4 

16.7 

97 

- 60 

27.3 

17.3 

44.6 


m 

" 



30.0 ' 

32680 

381.5 

IS.O 

-227 

-28-f 

96.2 

49.6 

16.6 

95 

- 60 

27.1 

17.1 

44.6 


■ 

” 



>15.0 

33080 

381.5 

16.6 

-223 

-285 

91.9 

48.6 

16.6 

96 

- 59 

27.6 

17.1 

45.0 


■ 

* 



60.0 

31880 

370.0 

13.7 

-230 

-287 

92.5 

46.6 

16.2 

94 

- 74 

28.0 

17.1 

45.1 


N 

• 



67.02 

29*iOO 

339.5 

17.5 

-230 

-289 

92.2 

16.8 

16.0 

92 

-.82 

26.5 

1B.6 

45.1 

LOW CNg PRESSURE 

N 

261 > 


9 - 3-76 

3.35 

31920 

385.5 

19.3 

.230 

-282 

111.7 

52.0 

17.9 

97 

- 78 

30.1 

16.9 

47.0 

OVERSPEED 

It 

265 

It 


l.OO 

322I1O 

372.5 

17.7 

-229 

-283 

96.1 

51.1 

13.1 

97 

- 95 

33.6 

13.5 

47.0 

OVERSPEED 

N 

266 

N 


0.5 

3196O 

373.0 

15.0 

-229 

-282 

68.2 

52.4 

11.4 

98 

- 96 

34.2 

12.8 

47.0 

OVERSPEED 

H 

267 

t. 


0.65 

32000 

391.0 

15.0 

-23I 

-287 

98.6 

52.2 

11.2 

97 

- 96 

35.1 

11.7 

47.2 

OVLRSPEED 

m 

268 



11.05 

31800 

382.0 

20,0 

-230 

-28f 

99.9 

51.6 

13.1 

101 

- 62 

33.7 

13.6 

17.3 

OVERSPEED 

II 

269 



1.55 

31960 

401.0 

20.0 

-228 

-264 

105.5 

50.8 

■ 11.0 

105 

- 85 

36.0 

11.5 

47.4 

OVERSPEED 

■ 

270 


> 

1.20 

31240 

370.0 

18.8 

.229 

-281 

95.8 

50,0 

11.5 

106 

- 67 

36.0 

11.6 

47.6 

OVERSPEEO 

N 

271 


" 

7.50 

32080 

384.0 

19.8 

.232 

-285 

108.2 

50.2 

12.4 

102 

- 90 

31.7 

13.1 

44.9 

ACCEL REDLINE. G-LEVEL 
INCREASED TO 11.5 GPP. TEMER 
RO 40 VED POR INSPECTION . TESTER 























HRUST BEARING FAILED. SEALS 



















IB GOOD CONDITION. 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 


BUIU S8T O&nCTIVl 
■0. 10. 


272 PI SCH II 10-6-76 
LOX TEST 

273 UOO P8I . 



33320 toll.3 20.0 -226 -2liO U7.<l <>9.6 lB.2 102 


0.6 3OI1OO 

0.63 JOIlOO 

0.7 30560 

1.78 30480 

4.15 30000 

3.55 29320 

1.66 29360 

6.05 28460 

5.35 28960 

0.2 28600 

4.53 29640 

17.5 26720 

2.68 29200 

0.3 29060 

12.38 29200 

i;.0 28480 

30.0 26200 

35.0 28290 

7-76 5.97 28800 

15.5 28360 

2.78 28400 


■ 


$2.6 16.6 


49.6 


52.4 16.9 


121.9 91*d 


•196 lOd.7 $1.4 16.4 IDO 

-261 U9.O ^.2 19.5 99 


-261 U9.O ^.2 19.5 

• 2 d 0 117.6 90.0 ld.9 


V9.Q 19.5 


122.2 ^.0 


- 

- 

- 

20.2 

22.0 

42.3 

17.2 

24.4 

41.6 

16.7 

25.1 

41.8 

19.4 

25.1 

44.5 

18.9 

25.9 

44.6 

15.5 

26.5 

42.0 

18.4 

26.5 

44.9 

17.3 

27.6 

45.0 

15.8 

27.9 

43.7 

15.7 

26.1 

43.8 

17.2 

27.1 

44.2 

14.6 

28.0 

42.6 

14.7 

27.8 

42.6 

15.6 

27.1 

42.7 

14.5 

28.3 

42.6 

14.1 

28.3 

42.4 

14.1 

28.5 

42.5 

21.1 

20.8 

41.9 

20.2 

a.7 

41.9 

19.3 

23.5 

42.8 

16.9 

25.8 

42.7 

16.0 

26.7 

42.7 


NO 8Fm> TRACK 


0VERSPE2D 

OVERSFEED 

OVERSIZED 

OVERSPEED 

OVERSFEED 

OVERSFEED 

OVERSFEED 

< 

OVERSFEED 

OVERSFEED 

ACC£I£RO(£T£R 

OVERSFEED 

OVERSFEED 

OVERSFEED 

ACCELERCMEISB REDLINI 
OVERSFEED 


OPERATOR BHlfTDOVN 
OVERSFEED 
OPERATOR Sm/IDOUN 
ACCELERWEtSR REDUNS 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 


Page 17 


BUILD 

08 ? 

O&JBCTZVl 

MO 

Tsa 

SPUD 

LOZ BXAL 

EXLItM SUL 

RBOSa 

10. 

BO. 


nil. 

RFM 

U/B PR. 
P 810 

D/a PR. 
PflIO 

u/j^ino 

D^a BMP 

ixmoB 

U/S FB. 

D/s FB. 

u/g^mF 

D/8 AMP 

UAKAGB sent 







sen 

mo 

P 8 I 0 

®F 

LOX 

lURB 

wta 















8IDB 

8ZDI 



ao 

291 * 

PI SCH 11 

lO- 7-76 

15.0 


385.0 

19.9 

.226 

-287 

121.2 

50.2 

18.7 

105 

-82 

16.9 

25.9 

42.9 


N 

N 

IJCH OST 
UOO PSI 

" 

30.0 

28320 

385.0 

19.8 

.223 

-283 

123.8 

50.1 

18.6 

107 

-79 

16.9 

25.9 

12.8 




. 

- 

33.3 

2-/520 

399.0 

20.0 

■228 

.290 

128.1 

50. u 

19.2 

101 

-82 

16.8 

26.2 

43.0 

LOW 082 SHUTDOWN 

* 

295 

N 


9.0 

262 U 0 

380.0 

20.7 

-227 

-289 

123.6 


16.9 

lol 

-80 

19.7 

26.7 

46.4 

DUHATION. CCMPLS 1 £D 
REqUlRED 10 HOUR POR PHASE 1 
8 CH 11 1 ESTINQ. SUL 8 IM 
OOOD CONDITION. , 


296 

PKA 8 B III 

11 - 5-76 

6.15 

31760 

381.0 

16.6 

-237 

-290 

115.2 

18,1 

26.2 

107 

-52 

15.6 

26.1 

11.7 

DURATION 


297 

LOX OST 
1*00 P 81 


1*10 

31880 

390.0 

20.6 

-231 

- 

126.3 

52.1 

21.5 

U 3 

-31 

17.6 

26.3 

13,9 

ACCE 12 RCME 1 ZR RRDUHS 


298 

ACCZIXR* 

ATlOn 


1.65 

31920 

387.5 

19.8 

.236 

- 

110.1 

52.2 

21.1 

uo 

.46 

17.5 

26.7 

44.2 

ACCELERGHSTTR REDUU 


299 

IX 8 TB 

a 

6.15 

31000 

390.0 

ao.l 

-231 

- 

121.0 

46.0 

19.6 

107 

-53 

14.1 

26.9 

41.0 

DURATION 

« 

300 


a 

6.15 

30600 

385.0 

20.8 

-231* 

- 

121.5 

17.6 

20.0 

107 

-78 

13.7 

27.1 

41.1 

ACCBLEROtmR REDLIIS 

M 

301 

M 

a 

1.&5 

30920 

387.0 

20.5 

^ 1*0 

- 

126.9 

19.8 

19.4 

107 

-73 

16.0 

26.5 

42.5 

ACCXLERCMBIU RKOUBE 

« 

302 

a 

a 

0.10 

37**00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

OVRRSFEED 

M 

903 

a 

a 

7.00 

31960 

386.5 

18.7 

-226 

.285 

112.3 

17.6 

17.1 

103 

.62 

17.8 

25.7 

13.5 

DURATION 

M 

3 Q 1 | 

a 

a 

6.15 

3201*0 

389.0 

18.3 

•221 

-261 

UI.3 

16.6 

17.3 

102 

-85 

17.1 

26.0 

13.1 

DURATION 

M 

305 

a 

a 

6.25 

31610 

389.0 

20.0 

-221 

-289 

U3.O 

50.1 

16.4 

97 

-86 

20.7 

27.2 

17.9 

DURATION 

m 

306 

a 

a 

1.00 

321^ 

389.5 

18.5 

-227 

-287 

106.9 

50.6 

17.1 

96 

-83 

22.3 

26.3 

46.6 

ACCEUROCEIU REDUNX 

m 

307 

a 

a 

6.05 

31600 

395.0 

18.8 

•225 

.265 

112.3 

18.0 

16.0 

95 

-90 

18.7 

27.1 

15.8 

DURATICM 

■ 

308 

a 

a 

6.05 

31180 

395.5 

20.2 

.221 

-281 

U 5.0 

18.0 

18.3 

95 

-91 

la.i 

27.1 

45.6 

DURATICH 

M 

309 

a 

a 

3.05 

32000 

395.0 

18.8 

-22a 

-293 

109.2 

I7.S 

17.3 

90 

-95 

19.5 

26.6 

46.1 

ACCELER 0 K 81 XR RXDUn 

■ 

310 

a 

U-S -76 

0,60 

31200 

386.5 

ao .5 

.212 

-290 

U 5.8 

18.8 

17.8 

96 

-30 

22.3 

23.5 

15.8 

ACCEURCMEIZR REDUNX 

N 

311 

a 

a 

6.15 

30600 

395.0 

21.0 

-235 

-290 

113.7 

19.8 

18.5 

93 

-91 

22.9 

25.3 

18.1 

DURATION 

« 

312 

a 

a 

5.80 

301*00 

lol.o 

20.0 

-232 

-287 

115.8 

17.2 

18.3 

95 

.100 

19.0 

26.1 

45.2 

ACeXLEROtETER REDUNX 





0.15 

35720 













ACCELEROMETER REDLXNE 


313 



• 

• 


" 










m 

311 * 

a 

a 

6.10 

30320 

385.0 

20.7 

-231* 

-265 

Ul .2 

U 8.0 

18.2 

101 

-93 

19.7 

25.0 

11.7 

DURATION 

« 

315 


' 

6.10 

30010 

390.0 

20.0 

-239 

-293 

U 6.1 

52.0 

16,7 

98 

-97 

23.5 

26.3 

49.6 

DURATION 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 


Page 18 


SUILD 

S 8 T 

oBJxcnvi 

DAn 

ma 

SPUD 


LCS SIAL 





EXUW BXAL 



BBUIUCB’ 

10. 

RO. 



KDI. 

RPH 

u/s hi. 

D/s PS. 

u/g^nw 

S^S TOO 

LKAKACS 

u/a PS. 

d/s PS. 

U /8 BXP 

D/B nMP 

1 IXAICACB sent 








P 8 I 0 

F8ia 

8 C 7 M 

niQ 

P 810 

®P 

®p 

LOX 

BIOl 

lURB 

8101 

tOUL 


81 

316 

PhAsi: 111 
itOO P8I 

11-8-76 

6.10 

30120 

395.0 

20.6 

- 2 j 6 

-292 

116.5 

i*d.o 

18.U 

99 

-98 

19.5 

26.2 

65.6 

DUHATION 

it 

31 T 

LOX 

/ICCEUIU 

" 

6.10 

30200 

397.5 

21.0 

-232 

- 2 tJ 3 

116.2 

67.0 

17.8 

99 

.86 

19.8 

24.4 

44,3 

DUHATIOM 

H 

318 

ACTION 

Tears 


1.15 

301*00 

395.0 

20.5 

- 2 U 1 

- 2 B 6 

U 7.5 

67.6 

17.5 

97 

.58 

19.9 

24.0 

63.9 

ACCELEKOKEIER REOUNK 


319 


** 

0.70 

30320 

391.0 

20 .$ 

-239 

-285 

115.6 

69.0 

17.6 

97 

-52 

20.1 

24.1 

44.2 

ACCKLEHCMttlER RKDUNE 

H 

320 

n 

H 

6 . 2 U 

29200 

391.5 

21.0 

-260 

.290 

121.5 

51.6 

18.6 

91 

-91 

22.2 

24.1 

66.3 

DURATIOH 

M 

321 

M 

M 

6.15 

291*110 

395.0 

21.0 

-237 

-287 

121.9 

68.6 

18.7 

91 

-101 

17.7 

26.6 

44,3 

DURATION 

N 

322 

tt 

M 

0 .^ 

29800 

396.0 

23.0 

- 2 li 0 

-286 

118.0 

1*9 .a 

18.7 

91 

-61 

17.9 

26.4 

66.3 

ACC£LERGM£ 1 £R REDLINX 

N 

323 



0.15 

26720 

- 

- 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ACC£ 1 £R(KEI£A REOLZBE 

N 

321 



6.25 

29520 

396.0 

21.0 

-236 

-285 

121.1 

46.6 

18.3 

89 

-96 

19.0 

25.8 

44.9 

DURATION 

It 

325 



1.00 

28800 

392.5 

21.0 

-264 

-290 

126.3 

69.6 

18.3 

66 

.00 

18.5 

26.5 

65.0 

ACCELEROMEKR REDLINE 

It 

326 



5.25 

312IIO 

393.5 

19.5 

-236 

.290 

113.0 

66.0 

17.2 

8 b 

-100 

18.5 

2$.2 

63.7 

ACCSLERCNKIER fO^DUNS 

« 

327 



0.20 

30660 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ACCELIRCMETER REDLINE 

« 

328 


M 

1.65 

29100 

392.0 

22.0 

-260 

-286 

126.0 

51.8 

18.2 

66 

-87 

20.9 

26.8 

67.6 

ACCELERCME 7 ZR REDUNX 

tt 

329 


M 

0.28 

27600 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ACCELEK 0 ME 1 SR REOLDffi 


330 


M 

0.28 

26920 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

LOU SPEED REDUNE 

M 

331 

tt 

N 

0.13 

27200 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

ACCELEROUnSR REDLINE 

m 

332 

tl 

« 

0.35 

27600 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ACCELERCNnSR REDUNS 

■ 

333 

« 

• 

0.75 

26800 

390.0 

20 ,$ 

-256 

-293 

U 8.8 

$ 0.0 

15.5 

62 

-89 

22.4 

23.6 

46.0 

ACCELEROOnER REDLINE 

tt 

33I 

m 

U- 10-76 

2.10 

3 JOliO 

603.0 

21.0 

-266 

- 

119.7 

69.8 

17.6 

82 

-76 

23.4 

23.1 

66.5 

INSTRlWENTAnOH SHinDOWN 

tl 

335 

m 

M 

1.15 

32000 

603.0 

20.0 

-235 

-283 

109.9 

69.0 

17.0 

87 

-88 

23.9 

22.6 

66.7 

OVSRSFEED 

It 

336 

m 

It 

2 . 2 $ 

30720 

393.5 

20.7 

- 2 i*d 

-287 

116.6 

69.6 

17.3 

86 

-85 

23.3 

23.1 

66.3 

LOW SPEED REDLINE 

It 

33 T 

M 

• 

0.15 

36280 

- 

- 


- 

- 

- 

- 

- 

- 

- 

- 

• 

OVERSFEED 

■ 

338 

N 

■ 

• 

1.55 

31920 

390.0 

19.8 

. 21 * 1 * 

-287 

107.1 

$ 0.6 

‘ 17.0 

87 

-67 

2$. 2 

22.7 

67.9 

FACIUTI SHinDOUM 

N 

339 

It 

M 

10.2 

30080 

397.5 

19.9 

-261 

-286 

U 2.7 

68.6 

18.6 

83 

-100 

21.3 

26.6 

66.0 

DURATION 

« 

3I0 

It 

M 

0.1 

8600 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

LOU SPEED SHUTDOWN 

tl 

311 

• 

m 

lO.l 

31320 

397.0 

16.6 

-237 

-290 

99.9 

68.6 

16.5 

79 

-101 

23.6 

23.7 

67.3 

DURATIOH 




TABLE C-1, NASA CRYOGENIC SEAL TEST SUMMARY 


Page 19 


S8f OBJXCTIVI MU 


PWLSS III U-10-76 15.2 

ilOO P81 


343 LOX 

ACCKLER- 
34^ ATIOH 
1X81^ 


15.2 31600 396.5 16.3 

10.2 31440 395.5 18.3 

15.15 31920 395.0 16,5 


8.5 30800 


i2.ao.76 0.95 30680 

" 0.15 34760 


0,15 1 17480 


391.0 17.0 

390.5 18.2 


369.5 14-4 


396.5 ifl.o 

396.0 18.8 

396.0 17.7 

395.0 17.0 


398.5 19.7 


100.3 




EIUIM 8EAJ 




u/B n. 

D/s PB. 

U/8 TB<? 

0/8 TS4P 

LIAKAGI sen 


PSIG 

P810 

*p 

“r 

LOX 

8XDS 

1VRB 

am 

TOTAL 

i>8.8 

16.1 

77 

•107 

22.5 

89.5 

46.0 

I19.6 

17.0 

78 

.107 

22.5 

85.4 

47.9 

I19.0 

15.4 

75 

-1D6 

22.5 

85.7 

48.2 

48.2 

15.6 

71 

-109 

22.5 

85.7 

43.2 

ii.a 

16.2 

66 

-107 

20.8 

86.5 

47.3 

48.4 

17.1. 

68 

-Ul4 

>U.6 

27.1 

47.6 

50.0 

16.7 

86 

.38 

24.5 

23.8 

46.2 

- 

- 

- 

- 

• 

- 

• 


- 

- 

- 

- 

- 

- 

UT .6 

17.0 

82 

.70 

19.9 

85.4 

45.3 


17.2 

83 

-78 

20.3 

25.5 

45.6 

48.0 

16.1. 

84 

-87 

19.8 

25.0 

45.6 

kj .6 

19.8 

82 

-87 

19.2 

26.2 

45.4 

- 

- 


- 

- 

- 

- 

. 

• 

- 

- 

- 

- 

- 

5P.2 

19.6 

82 

-46 

28.2 

21.6 

49.8 


. 

• 

- 

- 

- 

- 

46.6 

16.1. 

78 

-92 

19.8 

26.4 

46.2 

• 

• 

- 

- 

- 

- 

- 

48.0 

19.1* 

76 

-98 

18.2 

27.0 

45.1 

l> 8.6 

19.6 

72 

-96 

18.3 

87.5 

45.8 

kT.k 

14.4 

72 

• 100 

11.5 

26.9 

44.4 

1.7.8 

14.9 

78 

-87 

19.3 

27.1 

46.4 

1.8.6 

15.1 

72 

.98 

1I.4 

27.6 

46.1 

1.7.2 

14.5 

71 

• 100 

17.7 

27.1 

44.8 

50.1. 

16.9 

03 

-64 

24.1 

22.8 

46.9 


DURATION 

DURATION 

DURATION 

OVERSFEJCD 

OVERSFEED 

LOW SPEED REOUME. TESTER 
RQ40VED FOR INSPBCTION DUE 
TO HIGH VIBRATION AND NOISE. 
LOX SIDE HEUIM SEAL RING 
WORE GROOVE IN MATING RING. 
LOX SEAL IN GOOD COMDITIOH. 

OVERSPEED 

OVERSPEED 

BEARING PRESSURE REDLINE 
DURATION 

' duration 

DURATION 
DURA IT ON 

ACCEIEROKETER REDLINE 

ACCELERCHETER REDLINE 

ACCEIERC»QnER REDLINE 

FACILITI CUTOFF 

DURATION 

FACILITY CUTOFF 

DURATSN 

DURATION 

DURATION 

OVERSPEED 

DURATION 

OVERSPEED 

OVERSPEED 
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BUILD 

S8T 

OfiJXCTlVK 

xun 

TDa 

SPEED 



LOX SEAL 





REULH SEAL 



RQ4AJUCS 





MIH. 


u/a PR. 
P8I0 

D/8 PR. 
P8IQ 

U/3 TOO 

D^ TE30 

LEAKAGE 

U/a PH. 

D/s PR. 

u/a Qxi 

D/S TDU 

r 

1 lEAKAGE SCFM 

■ 







f 

f 

scm 

P8IQ 

PSIO 

r 

LOX 

SIDE 

TURB 

SIDS 

TOTAL 


22 

36a 

ACCEI£KA 
■nON TESl 

i 

e.2b 

31680 

381.0 

14.6 

.227 

-?05 

93.1 

46.0 

15.5 

■-53 — 

.70 

20.3 

22.7 

■53^3 

DTlftAI-IOH — 

- 

369 

PllASE 11 
400 P3I 

N 

6.15 

31600 

386.0 

16.1 

-231 

-293 

93.5 

49.6 

15.4 

60 

-75 

21.8 

24.1 

45.9 

DURATIOW 

• 

3T0 

LOX 

- 

6.15 

31600 

383.5 

15.2 

-230 

-290 

91.5 

49.0 

15.3 

8l 

.78 

21.8 

24.1 

45.9 

DURATION 

" 

371 



0.6a 

32320 

380.0 

ik.e 

-230 

-290 

92.0 

49.6 

15.2 

81 

.65 

21.7 

24.2 

45.9 

OVERSPEED 


372 


“ 

6.U 

31680 

380.0 

15.5 

-228 

-287 

91.9 

49.6 

15.3 

82 

-77 

21.6 

24.0 

45.8 

DURATION 


3n 



1.88 

32400 

380.5 

15.2 

-227 

-287 

90.1 

49.8 

15.2 

83 

-74 

21.6 

24.2 

45.6 

OVEfiSPEED 


371. 



6.10 

31320 

381.5 

15.3 

-233 

-293 

95.9 

48.4 

13.7 

6l 

-80 

23.9 

22.0 

45.9 

DURATCN 


375 



k.95 

31600 

381.5 

15.3 

-230 

-292 

91.1 

49.4 

15.3 

62 

-78 

22.8 

23.1 

46.0 

OVERSPEED 


376 



6.15 

U360 

382.5 

15.3 

•229 

-289 

91.8 

49,4 

15.4 

82 

-77 

22.7 

23.3 

46.0 

DURATION 


377 



6.15 

31280 

381.5 

15.7 

-227 

-286 

93.8 

49.6 

15.6 

83 

-78 

22.2 

23.8 

46.0 

DURATION 


378 



3.83 

31600 

380.5 

15.0 

-230 

-289 

91.0 

47.6 

16.0 

85 

-72 

22.8 

21.5 

44.2 

OVERSPEED 


379 

*' 


1.70 

31320 

379.5 

ll).7 

-228 

-287 

90.4 

47.6 

15.8 

86 

-74 

23.3 

21.0 

44.3 

OVERSPEED 


380 



3.50 

31200 

379.5 

Ik.S 

-228 

-287 

92.6 

49.4 

16.3 

86 

-74 

23.4 

22.3 

45.7 

OVERSPEEO 


381 



6.15 

30800 

379.5 

14.6 

-227 

-285 

90.9 

49.8 

16.1 

86 

-74 

23.3 

22.6 

45.9 

DURATION 


388 



6.05 

3121)0 

380.0 

15.7 

-232 

-293 

90.0 

49.8 

16.2 

82 

-80 

22.8 

23.2 

46.0 

OVERSPEED 

M 

383 



k.30 

31360 

379.0 

14.7 

-230 

-292 

90.2 

49.8 

15.9 

82 

-82 

23.5 

22.4 

46.0 

OVERS PE ED 

M 

38U 



10.20 

3101)0 

380.5 

15.8 

•228 

-287 

91.2 

49.6 

16.0 

83 

-82 

22.5 

23.4 

45.8 

DURATION 

■ 

385 



10,15 

30000 

379.0 

15.8 

-227 

-285 

91.7 

52.2 

16.1 

84 

.78 

23.4 

24.3 

47.7 

DURATION 


386 



9.30 

3081)0 

379-0 

15.2 

-231 

-293 

92.0 

49.0 

15.8 

81 

-64 

21.6 

23.6 

45.2 

OVERSPEED 


387 



k.78 

31160 

376.0 

15.2 

-228 

-266 

91.0 

48.4 

15.8 

78 

-76 

20.6 

24.0 

44.6 

OVERSF*CT 


388 



7.50 

31520 

396.5 

12.5 

-212 

-266 

76.9 

46.6 

13.7 

77 

-64 

20.1 

23.5 

43.6 

OVERSPEED 


389 



k.65 

32000 

397.5 

12.3 

-217 

-296 

75.6 

47.8 

13.6 

73 

-aa 

20.3 

24.1 

44.4 

OVERSPEED 


390 



1.53 

31120 

375.5 

15.0 

-231 

-293 

91.0 

49.6 

15.2 

73 

.83 

20.1 

25.7 

45.8 

OVERSPEED 


391 

M 

H 

k.70 

3O680 

37k.O 

15.7 

-232 

-290 

93.3 

50.2 

15.7 

73 

-85 

20.6 

25.7 

46.3 

OVERSPEEO 


392 

H 

N 

0.1)5 

33kOO 

- 

- 

- 

- 

- 

. 

- 

- 

- 

- 

- 

- 

OVERSPEED 


391 

H 

m 

0.80 

}0880 

377.5 

15.7 

-228 

-289 

93.3 

50.2 

15.3 

73 

-80 

20,7 

25.7 

46.5 

0VER8PI-:ED 


39k 


m 

k.80 

3021)0 

379.0 

15.7 

-227 

-287 

91.6 

50.2 

15.4 

73 

-83 

21.3 

25.7 

47.1 

OVERSPEED 


395 

M 

m 

3.50 

3101)0 

376.5 

15.9 

-227 

-285 

92.7 

50.0 

15.4 

74 

-82 

20.8 

25.6 

46.4 

OVERSPEED 


396 

M 

N 

0.60 

30800 

390.0 

13.0 

.208 

-285 

87.5 

49.8 

15.0 

74 

-76 

20.9 

25.4 

46.3 

OVERSPEED 

N 

397 

N 

n 

0.8j 

30800 

385.0 

15.9 

-224 

•265 

92.8 

49.8 

14.9 

74 

-75 

20.7 

25.6 

46.3 

OVERSPEED 

H 

398 



5.60 

301)00 

383.5 

15.5 

-2:9 

-293 

94.7 

50.0 

15.3 

69 

-87 

20.5 

26.0 

46.5 

OVERSPEEO 

M 

399 



3.90 

31560 

373.5 

16.0 

-232 

-293 

93.4 

50.6 

15.5 

69 

-87 

21.0 

26.0 

46.9 

OVERSPEED 



262 
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BUIU) 

nst 

OBJICTIVI 

DACI 

TIMC 

fiPSED 

LOX 8 KAL 

HELIIM SEAL 

RXKARJCS 

RO. 

KO. 


MU. 

RFN 

U /6 PR. 
P81G 

D/a PR. 
P31Q 

U /8 nMF 

r 

0^3 n3<P 

UAKACS 

u/a PR. 

D/a PR. 

U/g lEKP 

D/S TI>IP 

LEAKAGE SCFM 







6 cn< 

FSIQ 

P31G 

®p 

WX ’ 

TURB 

TOTAL 















SIDE 

SIDS 



22 

399 

accfij:ra. 
TiON n:sr 

l2-Sl-7t 


31580 

373.5 

16.0 

-232 

-?93 

93.4 

50.6 

15.5 

69 

-87 

21.0 

26.0 

46.9 

OVERSPEED 


<400 

P([ASK III 
UOO PSI 
LOX 

“ 

6,50 

31600 

375.0 

ii«.e 

-889 

-290 

92-5 

50.2 

15.1 

69 

-90 

20.1 

26.1 

46.2 

0VER3PEED 


itOI 

- 

8.85 

31080 

381.. 0 

15.7 

-228 

-887 

95.7 

48,6 

15.3 

69 

-95 

19.1 

26.1 

45.2 

OVERSPEED 


1*0? 


1?-??-76 

0.13 

33720 

. 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

OVERSPEED 


i«03 


•• 

o.ia 

33720 

* 

. 

- 

- 

- 

- 

. 

- 

- 

- 

- 

- 

OVEaSPEED 


lk}t> 


- 

l*.33 

31£00 

395.0 

12.7 

.212 

-887 

72.5 

4S.4 

13.9 

74 

-73 

25.6 

80.6 

46.2 

LOW SPEED REDLIWE 


Ii05 


- 

3 . Its 

308 I |0 

371.0 

U.8 

-2 7 

-885 

91.9 

49.6 

15-6 

74 

-75 

23.3 

88.0 

46.1 

OVERS PEED 


i»06 


•• 

2.38 

30800 

370.0 

15.5 

-833 

-292 

90.9 

49.4 

15.1 

73 

-81 

23.1 

23.0 

46,1 

OVERSPEED 


Ii07 


> 

7.85 

31080 

369.5 

15.3 

-230 

-293 

9018 

49.6 

15.0 

74 

-84 

21-7 

24.4 

46.2 

OVERSPEED 


ttOti 


« 

10.18 

30920 

36fl.O 

15.3 

-288 

-887 

91.2 

49.6 

15.0 

77 

-83 

80.8 

25.2 

46.0 

DURATION 

m 

II 09 


m 

2.73 

3oaao 

366.5 

15.3 

•271 

-886 

91.8 

49.6 

15.0 

78 

-60 

80.8 

25.2 

46.0 

OVERSPEED 

m 

^10 

« 

- 

2.25 

31 W 0 

366.5 

16.5 

-227 

-886 

67.8 

50.0 

14.7 

78 

-ao 

81.4 

84.9 

463 

overspi:ed 

m 

Itu 

M 

- 


30800 

366.0 

15.5 

-23U 

-893 

92.0 

50.0 

14.9 


-85 

81.4 

25-0 

46.4 

OVERS PEED 

m 

kU 

m 


11.60 

30800 

36ti.O 

II 4.3 

-2J3 

-293 

88.4 

49.6 

14.8 

77 

-85 

81.7 

24.8 

46.5 

0VKB8PEED 

m 

l>13 

m 

- 

7.15 

30680 

368,0 

lit. a 

-228 

-290 

91.7 

50.0 

14.9 

79 

-03 

81.4 

25,1 

46.5 

OVERSPEED 

■ 

Ul> 

« 

« 

7.60 

31920 

386.0 

12.<> 

-215 

-290 

72.4 

49.4 

13.4 

8l 

.88 

22.9 

23.5 

46.5 

tow SPEED REDLINE 

m 

Ills 

N 

• 

9.00 

J3760 

36*»,0 

15.5 

-224 

-265 

91.2 

50.0 

16.2 

84 

-78 

83.8 

22.5 

46.3 

0VER3PEED 

m 

Iil6 

N 

m 

5.70 

31 D 80 

36 I 1.0 

lU.l 

-228 

-293 

85.7 

50.2 

15.6 

88 

-62 

23.6 

22.9 

46.5 

OVERSPEED 

m 

I 1 I 7 

« 

- 

8.80 

31320 

382.5 

12.6 

-815 

-893 

69.1 

50,2 

14.3 

88 

-79 

25.2 

21.6 

46.B 

DURATICW.'reS'IER 

removed por scheduizd in- 



















SPECTICW AHER ADDITIONAL 5 
HOURS (9 HOURS TOTAL). 

SEALS IN GOOD CONDinON. 

n 

ma 

- 

2-15-77 

1.52 

30600 

355.0 

25.0 

-834 

•880 

129.1 

49.6 

17.3 

95 

-72 

15.2 

28.6 

43.0 

ACCELEROMETER COTOFT ' 

m 

kl9 


. 

0.03 

33600 

. 


- 

. ' 

- 

- 

- 

- 

- 

- 

- 

- 

OVERSPEED 

" 

l>S0 

« 

• 

8.68 

30 I 1 OO 

35V.O 

17.7 

-sra 

-806 

93.8 

50.2 

88.4 

90 

-47 

23.5 

83.8 

47.3 

ACCELEBCMETER CUTOfT 

It 

Il21 


8-16-77 

0.17 

27920 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

NO ACCELEROMETER INDICATION 

• 




3.12 

31200 

39 I 1 .O 

18,7 

-836 

-285 

100.6 

49.4 

IB.I 

93 

-4l 

22.1 

23.9 

46.0 

OPERATOR CUTOFT 
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BUILD 

08 T 

OBJXcnvi 

DAS 

TD8 

SPIED 

LOX SEAL 

BELIIH SEAL 

ROURX8 

10. 

10. 



MIM. 

RiM 

u/a PR. 
P 3 XQ 

D/s PR* 
P 810 

U/g IDO 

0/3 TOO 

IZAKAOX 

U/8 PR. 
P 3 IQ 

D/S FR. 

U/g TSMP 

D/S TQiP 

LEAKAGE SCm 







sent 

P 3 IG 


LOX 

SIDE 

niRB 

SIDB 

TOTAL 


23 

03 

ACCE 1 £RA- 

2 . 16 -T 7 

O.IO 

3 ») 9 tO 

. 

_ 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

OVERSPEED 


USU 

TI 0 « ItSTL 
PHASE in 

■ 

1.30 

31480 

390.0 

18.7 

-235 

-292 

101.9 

1 * 7.2 

17.7 

94 

-33 

19.6 

23.9 

43.5 

ACCELEBCHETER CITTOPP 


1)25 

UOO PSI 
LOX 


4.52 

30B00 

394.0 

18.7 

-231 

-283 

103.8 

1 * 6 . 1 ) 

17.6 

9I) 

-30 

20.7 

21 ), 3 

45.0 

ACCELERCWniR CUTOPP 


1|26 


- 

3.13 

30960 

390.5 

19.5 

-? 3 ** 

-260 

106,7 

1 * 6.0 

18.0 

95 

-28 

19.7 

24.7 

44.5 

ACGEIIRCMETCR CITTOPP 


kirt 


« 

0.05 

36720 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

OVERSPEEO 


Ii 28 


- 

2.12 

31200 

391.5 

19.2 

-238 

-28/ 

106.6 

1 * 8.0 

17.2 

92 

-43 

20.0 

24.8 

44.7 

ACCE 1 £R 0 METCR ClfTOPP 


i >29 



6.08 

31720 

392.5 

17.3 

-230 

-292 

95.4 

49.6 

16.4 

94 

.50 

22.3 

24.0 

46.3 

DURATION 


•>30 



6 . 0 B 

31680 

391.0 

16.0 

•234 

-287 

105.1 

1 ) 8.6 

20.4 

95 

-53 

22.2 

21.4 

43.6 

DURATION 



H 


6.00 

31680 

388.5 

17.8 

-231 

-287 

103.0 

46.6 

19.2 

95 

-61 

20.6 

21.0 

41.6 

DURATION 

m 

I |32 

m 


6.08 

31720 

391.0 

17.8 

-229 

-286 

101.8 

50.0 

20.1 

95 

-65 

23.1 

21.7 

44,8 

DURATION 

N 

fc 33 

m 


0.02 

21120 

• 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

OPERATOR CUTOFP 

<• 

kik 



6.07 

31720 

382.5 

17.7 

-228 

- 281 ) 

100.7 

1 * 9.6 

19.9 

95 

-73 

22.3 

21.6 

44.0 

DURATION 


It 35 



6.02 

31640 

387.5 

18.3 

- 2 r 7 

-282 

109.0 

42.6 

19.4 

96 

-78 

20.1 

21.3 

41.4 

DURAnON 


k 36 



0.82 

31300 

388.5 

21.2 

-227 

-292 

111.6 

50.8 

21.2 

102 

-71 

28.6 

22.5 

51.1 

ACCELERGMETIR CUTOFF 


k 37 

H 


6.02 

31 00 

376.5 

18.1 

-234 

-287 

102.8 

1 ) 8 . 1 ) 

19.5 

106 

.82 

21.0 

21.7 

42.6 

DURATION 


1.38 

m 


6 . 0 J 

31600 

388.5 

18.7 

-230 

-286 

103.1 

51.4 

20.6 

106 

-78 

23.2 

22.3 

45.6 

DURATION 

■ 

•>39 

n 

« 

6.00 

31480 

390.0 

21.2 

-234 

-286 

108.7 

50.0 

22.2 

102 

-69 

19.9 

23.2 

43.1 

DURATION 

M 

kU) 

M 

« 

6.03 

31600 

388.5 

20.7 

CM 

-287 

111.7 

50.4 

21.2 

95 

-91 

20.2 

23.1 

43.3 

DURATION 

N 

Ul 

M 

M 

6.02 

31600 

385.0 

20.3 

-233 

.286 

112.1 

50.0 

20,7 

95 

-87 

19.4 

23.1 

42.5 

DURATION 

H 

KU2 



6.02 

31680 

380.0 

19.9 

-232 

.265 

109.7 

48.6 

19.9 

95 

-68 

19.1 

22.7 

41.8 

DURATION 


1.43 



10.03 

31600 

390.0 

20.7 

.228 

-263 

111.5 

50.8 

20.6 

95 

-96 

20.6 

23.3 

44.0 

DUBATIOH 


hU) 



0.05 

3II060 


. 

- 

- 

- 

- 

- 


- 

- 

- 

■ 

OVERSPEED 


445 



10.03 

31520 

390.5 

20.8 

-232 

-286 

108.9 

51.6 

20.5 

90 

-97 

20.9 

23.8 

44.7 

DURATION 





0,07 

34 o 40 













OVERSPEED 
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TABLE C-1 


BUUi) 

10. 


OBJXCTIVX 

DAB 

TIKI 

tm. 

epno 

SFM 





u/a PR. 
PSIO 

D/B PR. 
PSIO 

83 

Ul *7 

^CCELERA. 
now TL8TJ 

2 - 16-77 

10,03 

31*80 

390.0 

20.8 


m 



0.09 

3**80 

• 

- 


ltli 9 

LOX 

" 

6.00 

31600 

388.5 

22.0 


ujo 

*• 


10.03 

31*80 

390.0 

21.8 

« 

<•51 

a 


10.03 

30600 

38*.5 

22.8 

H 

*52 

a 


10.00 

31560 

388.5 

a.4 

* 

*53 

a 


*.22 

31520 

385.0 

22.2 

N 

*5* 

a 

2 - 17-77 

6.03 

31520 

38* .0 

19.* 

M 

*55 

a 

a 

6.02 

31*00 

385.0 

19*2 

M 

*56 


a 

6.03 

31080 

38*.0 

20.2 


*5T 



6.03 

31000 

385.0 

19.9 


*58 



6.03 

312*0 

386.0 

19.7 


*59 



6.03 

30840 

382.0 

20.3 


460 


a 

6.03 

30520 

380.0 

20.3 


* 6 l 


a 

2.05 

30560 

379.0 

20.5 

■ 

*62 


a 

2,27 

30800 

381.5 

20.7 

m 

*63 


a 

3.08 

31120 

376.5 

20.1 

a 

* 6 * 


a 

6.03 

30200 

376.0 

20.5 

m 

*65 


a 

6.02 

30080 

376.5 

21.1 

m 

*66 


a 

10.03 

301£0 

377.5 

a.3 

m 

*67 

a 

a 

6.02 

30000 

385.0 

21,0 

a 

*68 

a 

a 

3.80 

29520 

385.0 

21.8 

a 

*69 

a 

2 - 28-77 

0.57 

31080 

392.5 

23.9 

a 

*70 

a 

a 

6.10 

30960 

398.5 

a.* 

a 

*71 

a 

a 

6.08 

310*0 

397.5 

a.8 

“ 

*72 

a 

a 

6.03 

32360 

*01.5 

18.0 


NASA CRYOGENIC SEAL TEST SUMMARY 


Page 23 


XXK SEAL 

EEUIM 8CAL 

ItaURXB 

V/ITSX 


1 £AKACX 

8CFN 

U/S PR. 
PSIO 

D/B PR. 
PSIO 

u/g voa 

D/g 7 IMI' 

1 LEAKAGE 8CFN 


LOX 

BIDE 

TURB 

BIDS 



-229 

-285 

109.8 

51.6 

20.5 

90 

-92 

20.7 

2*.0 

44.7 

DURATION 

- 

- 

- 

- 

• 

- 

- 

- 

- 

- 

OVERSFEEO 

-228 

-281 

114.1 

52.0 

21.0 

90 

-91 

20.3 

2*.* 

44.7 

DURATION 

.227 

-281 

112.2 

51.* 

18.9 

78 

- 10 * 

21.0 

2*.0 

*5.0 

DURATION 

•236 

-287 

117.1 

50.2 

19.* 

7 * 

-109 

19.5 

2 *. 5 

**.o 

DURATION 

-230 

-285 

111.1 

49.6 

18.5 

7 * 

-109 

19.9 

2 *. 3 

44.2 

DURATION 

•237 

-28* 

11*.6 

*7.8 

17.0 

72 

-108 

19.* 

22.8 

*2.2 

LOW SPEED CtfTOFP 

-230 

-290 

106.2 

50.0 

20.0 

96 

-72 

2*.6 

22.0 

* 6.6 

DURATION 

•228 

-287 

105.1 

50.6 

19.* 

99 

-76 

2*.2 

22.1 

*6.3 

DURATION 

• 2 i 7 

-286 

106.0 

50.6 

19.5 

102 

-76 

23.9 

22.2 

* 6.1 

DURATION 

-23* 

-293 

106.8 

50.8 

16.9 

100 

-82 

23.9 

22.2 

* 6.1 

DURATION 

-230 

-293 

105.2 

*9.6 

18.0 

102 

-83 

23.8 

22.1 

*5.9 

DURATION 

-230 

-289 

108.7 

50.6 

18.9 

103 

-83 

22.9 

22.8 

*5.7 

DURATION 

-229 

-287 

108.8 

50.8 

18.3 

106 

- 8 * 

23.3 

22.2 

*5.5 

DURATION 

-237 

-287 

106.2 

*8.0 

15.2 

106 

-70 

26.* 

IB.O 

44,4 

OPERATOR CUTOrp 

•irt 

-289 

IU.3 

46.4 

15.6 

105 

-63 

27.3 

17.8 

45.x 

ACCELERCMETER CUTOfT 

-232 

-265 

107 .* 

50.6 

17.1 

102 

-66 

26.8 

18.9 

*5.7 

OPERATOR CUTOPP 

-236 

•292 

108.2 

, 51.0 

17.3 

98 

- 7 * 

26.6 

19.6 ' 

*6.1 

DURATION 

-23* 

-289 

110.9 

51.* 

17.7 

99 

-76 

25.8 

20 .* 

46.2 

DURATION 

-231 

-286 

111.7 

52.0 

IB.7 

99 

-78 

24.6 

a .7 

*6.3 

DURATION 

-229 

-282 

109.6 

50.0 

15.2 

95 

-82 

26.2 

19.0 

* 5.2 

DURATION 

-237 

-290 

11*.6 

50.0 

17.0 

91 

-87 

2*. 5 

20.9 

45.4 

ACCELERCMEIER CITTOPP 

-236 

-280 

116.5 

56.2 

19.1 

9* 

•8 

28.0 

21 .* 

* 9 .* 

ERRONEOUS LOW SPEED CITTOPP 

•23* 

-290 

111.2 

51.* 

19.1 

91 

-70 

2 *. 7 

22.2 

* 6.9 

DURATION 

- 2 P 

-286 

111.7 

50.6 

18.1 

91 

-70 ■ 

2*.7 

M .3 

* 7.0 

DURATION 

-220 

-285 

96.8 

50.* 

15.5 

93 

-73 

25.2 

21.8 

*7.0 

DURAHON 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY 
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build 

10. 

TEST 

ofijBcnvi 

DAH 

tJM 

Nil. 

WPlfTO 

m 

LOZ SEAL 

HELIIM SEAL 

SatARKS 




U/S PR. 

D /3 PR. 

u/a TE»a 

D/a ma 

LEAKAGE 

U/S PR. 

D /3 PR. 

U/g TEMP 

D/g ISXP 

1 LEAKAGE SCFM 








PSIO 

FSIQ 

F 

®F 

6CFM 

FSZQ 

P 310 

LOK 

lURfi 

TOTAL 

















SIDE 

SIDE 



83 

*173 

icceu:ra. 

1 ‘ION TE 3 TE 

P- 28-77 

6.03 

31780 

403.5 

17.5 

-224 

-290 

93.3 

50.0 

15.7 

98 

-79 

26.4 

20.8 

47.2 

DURATION 



»HA 8 R III 
too PSI 


5.82 

31120 

39«.5 

21.2 

-230 

-299 

106.8 

51.2 

17.9 

92 

-80 

24.7 

22.5 

47.3 

ERRONEOUS CirTOfT 


1.75 

m 


6.03 

31680 

400.0 

18.8 

-224 

•284 

98.6 

50.6 

17.3 

96 

-74 

26.3 

21.1 

47.4 

DURATION 


1.76 



6.05 

32260 

402.5 

17.3 

-224 

-290 

92.4 

49.4 

16.0 

92 

-80 

25.9 

20.7 

46.7 

DURATION 


1.77 

* 


6.03 

32480 

402.5 

17.1 

-221 

-290 

90.3 

48.0 

15.5 

93 

.82 

25.8 

20.7 

46.6 

DURAnON 


1.78 

" 


6.07 

31680 

401.0 

17.6 

-224 

-267 

93.4 

49.6 

15.4 

95 

.78 

25.9 

20.7 

46.6 

DURATION 


479 



0.22 

27480 

- 

- 

- 

- 

- 

- 

- 


- 

- 

. 

. 

LOV TURBINE PRESaURE 


460 


« 

6.05 

31440 

397.5 

18.5 

-824 

-285 

96.8 

49.6 

17.0 

95 

-76 

27.2 

20,1 

47.3 

DURATION 


461 


m 

6.08 

31920 

399.5 

17.7 

-220 

-283 

93.8 

50.0 

16.5 

97 

.74 

26.9 

20.1 

47.0 

DURATION 


482 


n 

6.03 

31800 

400.0 

17.8 

-823 

-265 

93.6 

50,0 

16.4 

94 

.74 

26.8 

20.4 

47.2 

DURATION 


463 



6.05 

31600 

400.0 

16.0 

-224 

-289 

93.8 

50.0 

16.5 

91 

.78 

2 t .6 

20.6 

47.2 

DURATION 

M 

kOh 

M 


6.07 

31880 

397.5 

17.8 

-222 

-285 

93.4 

50,2 

15.8 

90 

-70 

27.2 

20.2 

47.4 

DURATION 

m 

485 

M 


6.05 

31800 

400.0 

17.4 

-220 

-284 

92.1 

50.4 

16.0 

90 

-73 

26.7 

20.9 

47.7 

DURATIOn 

m 

486 

« 

m 

6.10 

31760 

iiOO.O 

17.6 

-224 

-890 

92.4 

50.6 

16.1 

87 

-76 

26.6 

21.2 

47-6 

DURATION 

m 

487 


M 

6.03 

31960 

397.0 

17.0 

•887 

-890 

90.5 

48.6 

15.0 

62 

-80 

85.9 

20.3 

46.2 

DURATION 

m 

488 


m 

6.05 

31640 

398.0 

17.7 

-224 

-P67 

93.8 

49.2 

14.8 

83 

.60 

24.8 

81.3 

46.2 

DIAATION 

H 

489 



6.02 

31640 

396.5 

17.7 

•224 

-287 

93.0 

49.0 

14.6 

83 

.60 

25.3 

21.0 

46.3 

DimATION 


490 

■ 


7.13 

31960 

397.0 

17.0 

-220 

-285 

91.2 

49.4 

14.4 

64 

-60 

85.8 

21.1 

46.3 

DURATION » TESTER RIXOVED FOR 
SCHEDULED INSPECTION AFTER 



















ADDITIONAL 6 .U II 0 UR 3 ( 15.28 
HOURS TOTAL). 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 
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BUnD 

10. 


oBJicnw 

OATS 

TIKI 

BPEXD 

LOX SEAL 

BELIIM SEAL 

RDURKS 

VO. 

Mil. 

RFM 

U/S PR. 
P 81 Q 

D/s PR. 
P 8 I 0 

u/g imi 

B^S IBff 

UAXACB 

8CPM 

U/8 PR. 
P 81 Q 

D/S PR. 
PSIO 

u/g TD*r 

D /3 TIMP 

LEAKAGE 8CPM 1 







LOX 

SIDE 

TURB 

SIDE 

TOTAL 


















_ 

_ 

NO SPEED TRACE 

1 

1 

PHASi! IV 

b-12-7tJ 

.2 

- 

- 

■ 

• 

• 











2 

RAYIVIGH 
STEP LQX 

.. 

2.6 

30360 

140 

9 

-£83 

-289 

- 

35.6 

0.1 

60 

- 

- 

- 

- 

OVERSPEED Cl/TOFT 


3 

SEAL, 
6 8EQ 

N 

0.9 

29760 

150 

3 “* 

-277 

-284 

- 

33.4 

12.6 

58 

- 

- 

- 

- 

LOX ORIPICE OVER PRESSURE 


k 

KK SEAL 
CKECKOirr 

• 

2.8 

29800 

135 

18 

-281 

-284 

90.2 

36.6 

.4 

59 

- 

■- 


- 

LOW SPEED CUTOPf 


5 

TEST 


15 

29763 

120 

21 

-281 

-262 

91. >1 

33.6 

.5 

62 

- 

1.87 

0,90 

2.77 

DURATION, TCST POINT 1 


6 


.. 

10 

294 l «0 

263 

18 

-282 

-265 

lul.I 

37.0 

1.0 

63 

- 

2.29 

1.33 

3.62 

DURATION, TEST FOINT 2 


7 

„ 


10 

30000 

325 

20 

-280 

-£B3 

100.7 

91.2 

1.6 

60 

- 

11.07 

1.67 

12 . 7 't 

DURATION, TEST POINT 3 


















_ 

0 VER 3 PEED ClTTOrF 

'* 

e 

" 


.6 

3200U 

“ 












0 VRH 3 P 22 D CUTOPP 


9 

•• 


.03 

32000 

- 

• 

“ 

• 

• 

" 








. 

lu 

„ 


10 

30080 

365 

22 

-277 

-283 

110.8 

75.6 

1.8 

62 

- 

10.77 

1.66 

1£.43 

DURATION, TEST POINT 4 
COlPLETED CHECKOUT TESTINQ. 


















RkKOVED TtSUH FOR 
INSPECTION. SEALS IN 
EXCELLENT CONDITION. 



















. 

CUT IN ERROR AT START. 

2 

U 

PHASE IV 

7 - 6-78 

.03 

• 

• 

* 

• 

* 

* 










12 

CRIOQEVld 

ACCELER- 


6.0 

30080 

365 

22.3 

-277 

-286 

116.5 

96.0 

.6 

70 

• 

3.28 

1.15 

4.43 

DURATION 



ATION 














_ 


OVERSPEED CUTOPP 


13 

RAYUIOH 


.13 

• 

“ 

• 


* 

" 










l>» 

8 I£P LOX 
SEAL, 


3.7 

30400 

370 

££.5 

-277 

-285 

117.9 

87.6 

..4 

70 

- 

3.81 

0.90 

4.72 

OVERSPEED CUTOPP 



6 BEO 












_ 


_ 

. 

OVERSPEED CUTOPP 


15 

HE SEAL 


.13 

- 

“ 


“ 












16 

.. 


•77 

300to 

375 

25.0 

-277 

-285 

130.9 

101.0 

.6 

69 

- 

5.30 

1.14 

6.44 

LOU SPEED orropp 
















_ 



OVERSPEED CUTOPP 


17 

" 


.17 

• 













OVERSPEED CUTOPP 


la 



.u 

- 

• 

* 

" 












19 


N 

6 

£9880 

too 

2>*.5 

-277 

-285 

123.0 

89.6 

1.8 

67 

- 

4.09 

2.13 

6.23 

DURATION 


20 

• 

- 

M 

7000 

1*15 

5.5 

-£86 

-293 

52.0 

93.6 

.8 

69 

- 

1.35 

1.31* 

• 2*10 

LOW SPEED CUTOPP 



















OVERSPEED CUTOPP 

« 

21 

" 

M 

.15 

• 

• 

• 

“ 

“ 

“ 









M 

22 

N 

> 

6.0 

£9830 

387.5 

23.0 

-278 

-283 

117.6 

81.6 

..2 

68 

- 

5.05 

0.61 

5.66 

DURATION 

m 

23 

M 


6.0 

30000 

382.5 

23.0 

-277 

-£83 

U 6.1 

91.2 

.2 

69 

- 

5.08 

0.61 

5.68 

DURATION 
















. 

_ 

0 VER 3 PE 2 D CUTOPP 


ik 



.u 


" 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 26 


BUILD 

oat 

OBJXCtIVX 

DATE 

TDa 

SPEED 


LOX SEAL 





HELUN SEAL 



RQORXS 

10. 

MO, 



KIX. 

RM 

u/a PR. 

B/3 re. 


D^a njtt 

LEAKAGE 

U/S PR. 

D/s PR. 

U/g TEMP 

D/g UMP 

1 LEAKAGE SCM 








P31G 

PSIO 

sera 

PSIG 

PSIG 

IDX 

SIDE 

TURB 

SIDS 

TOTAL 


2 


PHASE IV 
CRYOOENIC 

7-6-78 

.26 

- 

- 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

LOW SPEED cirroFT 


26 

ACCELER* 

ATIQN 


.13 

- 

- 

“ 

- 

- 

- 

- 

- 

- 


- 

- 

- 

OVERSPEEO CUTOPP 


27 

RAYLEIGH 
STEP LOX 


.15 

■ 

* 

• 

• 

- 

- 

- 

- 

- 


- 

- 

■ - 

ov£Haptl:D cuTorp 


26 

SEAL, 
6 SEO 


tLl 

“ 

• 

• 

“ 

* 

■ 

- 


• 


- 

- 

- 

OVQi SPEED CUTOPP 


29 

HE SEAL 


6.0 

30000 

395.0 

24.0 

-277 

-200 

121.4 

31.0 

2.0 

74 


1.3a 

2.26 

3.64 

DURATION. KE SEAL PH 
REDXEO PR(M 65 PSIO TO 
33 PSIO. 


30 


.. 

6.0 

3 ooao 

395.0 

22.3 

-277 

•28l 

114.2 

34.0 

1.8 

75 


0.66 

2.12 

2.7a 

DURATION 


31 

" 


6.0 

29960 

395.0 

23.0 

-277 

-201 

113.7 

38.0 

2.0 

75 


1,62 

2.26 

3.60 

DURATION 


32 


7 - 19-78 

6.0 

30200 

365.0 

22.5 

-277 

-206 

124.2 

32.0 

7.1 

69 


- 

- 

- 

DURATION 

H 

33 

- 

- 

6.0 

300I10 

300.0 

23.0 

-276 

-286 

123.4 

47.0 

2.7 

69 


1.65 

1.52 

3.17 

DURATION 

« 

3 <t 

" 


6.0 

3001*0 

375.0 

22.5 

-277 

-Ziff 

U 9.6 

32. >* 

2.4 

66 


2.59 

1.52 

4.11 

DURATION 

M 

35 

•* 


6.0 

30OCX) 

375.0 

23.5 

-277 

.2tn 

U9.0 

33.6 

2.15 

67 


2.92 

0.90 

3.82 

DURATION 

It 

36 

" 

m 

6.0 

30000 

375.0 

22.5 

-277 

-207 

U 6.1 

33.8 

2.0 

67 


3.00 

0.60 

3.60 

DURATION 

n 

37 


m 

6.0 

300 1|0 

375.0 

23.0 

.276 

-289 

ui.a 

30.0 

1.7 

67 


2.65 

0.60 

3.25 

DURATION 

M 

38 

" 

m 

6.0 

29960 

375.0 

18.5 

-276 

-289 

109.9 

31.0 

2.1 

66 


2.60 

0.60 

3.28 

DURATION 

H 

39 



6.0 

300t)0 

372.5 

22.0 

-277 

-287 

113.6 

36.8 

2.4 

67 


2.50 

1.03 

3.54 

DURATION 

n 

k> 

" 


6.0 

30000 

370.0 

21.5 

-277 

-287 

U 2.1 

33.4 

2.5 

66 


2.70 

1.03 

3.81 

DURATION 

N 

ki 



6.0 

30080 

370.0 

21.5 

-278 

-287 

113.1 

36.4 

2.6 

66 


2.72 

1.12 

3.83 

DURATION 


kz 

- 


1.3 

30120 

365.0 

21.5 

-278 

-287 

113.3 

31.4 

3.0 

66 


2,30 

1.50 

3.80 

OVERSPEED CUTOPP 

M 

l>3 

N 


6.0 

30080 

380.0 

22.0 

-277 

-207 

113.1 

31.8 

2.7 

66 


2.67 

1.32 

3.99 

DURATION 

N 

kk 

N 

" 

6.0 

30olt0 

380.0 

22.5 

-277 

-287 

113.7 

31.6 

2.5 

66 


2.76 

1.32 

4.06 

DURATION 

M 

ki 

" 

- 

6.0 

3008a 

377.5 

22.5 

-277 

-287 

U 1.2 

35.0 

3.1 

66 


3.23 

1.66 

4.89 

DURATION 

M 

k6 

■ 


6.0 

300 1|0 

375.0 

22.0 

-277 

-287 

111.7 

39.0 

2.6 

66 


3.0a 

1.31 

4.40 

DURATION 

M 

67 



6.0 

29960 

375.0 

22.5 

-277 

-287 

111.8 

30.8 

2.6 

66 


2.91 

1.12 

4.02 

DURATION 

m 

k& 

- 

“ 

6.0 

3008a 

375.0 

21.5 

-277 

-269 

109.6 

39.8 

2.95 

67 


2.91 

1.49 

4.41 

DURATION 

N 

1*9 

“ 

7 -iiO -76 

7.3 

28600 

300.0 

22.0 

-266 

-287 

124.3 

37.8 

1.35 

66 

- 

2.91 

1.15 

4.06 

DURATION 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV Page 27 


BUILD 

1SST 

OBJXCTXVI 

MTI 

TINB 

6FUD 



LCOC SEAL 





EEUIM SEAL 



RSUBXB 







U/S PR. 

D/s PR. 


D/S OKI 

lEAKAGB 

U/S PR. 

D/s PR. 

u/g Tsaa 

D/s TS»(P 

1 IXAICAGE SCm 








PSIO 

PSIG 

®r 

6CIM 

PSIO 

PSIO 

LOE 

SIDE 

lURB 

SIDE 

tMU, 


2 

bO 

PHASB IV 

7-20«7d 

l.>6 

300i3o 

317.5 

2>).0 

-268 

-286 

127.2 

35.1 

2.4 

65 


1.66 

2.16 

3.82 

OVERSPEED CUTOFF 


51 

ACCBLBR. 

" 

a 

- 

- 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

OVERSPEED CUTOFF 


5^ 

RAYUIGU 
STEP LOX 
SEAL, 


• 55 

29760 

3i».o 

2>).0 

•20* 

•266 

135.2 

33.8 


65 


0.98 

2.53 

3.52 

P3 KEDLIMK CUTOFF • VALVE 
FAILED 


53 

6 &£Q 
HE BEAL 

" 

.13 

- 

• 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

OVERSPEED CUTOFF 


sk 

** 


6.0 

300l|0 

370.0 

27.0 

-259 

-285 

13>*.6 

37.2 

3.9 

65 


1.84 

2,50 

4,34 

DURATION 


55 

« 


6.0 

29800 

365.0 

26.5 

•261 

-285 

132.ii 

35.5 

3.1 

65 


1.86 

L.98 

3.84 

DURATION 


56 

" 

• 

6.0 

29760 

370.0 

26.0 

-261 

-285 

126.6 

36,6 

2.85 

65 


2.53 

1.66 

4.21 

DURATION 

M 

57 


m 

6.0 

29960 

370.0 

26.0 

-259 

-285 

12lt.J« 

3*1.1 

2.75 

67 


2.29 

1.67 

3.96 

DURATION 

• 

58 

•• 

M 

6.0 

30000 

365.0 

25.5 

-259 

-285 

123.3 

35.3 

2.7 

67 


2.61 

1.50 

4.12 

DURATION 

m 

59 

" 

n 

6.0 

30120 

365.0 

25.5 

-259 

•266 

122.2 

36.8 

2.65 

66 


2.85 

1.50 

4.35 

DURATION 

« 

60 

- 

7-85-78 

6.0 

29760 

>110.0 

25.5 

-277 

-285 

127.5 

31.8 

2.3 

78 


3.17 

1.14 

4.31 

DURATION 

M 

6l 

•• 


6.0 

29880 

1)10.0 

25.5 

~!Tt 

-285 

126.7 

35.2 

3.45 

79 


2.26 

1.69 

4.31 

DURATION 


62 

*• 


6.0 

29880 

395.0 

26.0 

-m 

-285 

127a 

35.8 

3.4 

77 


2.46 

1.68 

4.16 

DURATION 

w 

63 

H 

« 

6.0 

29920 

lt02.3 

2>*.5 

-2n 

.265 

120.8 

34.2 

2.8 

75 


2.85 

1.13 

3.98 

DURATION 

m 

a 

« 

N 

6,0 

29920 

1)02.; 

2>).5 

-277 

-285 

120.1 

35.9 

2a 

75 


3.66 

0.60 

4.26 

DURATION 

M 

65 

N 

H 

6.0 

29720 

I102.5 


-277 

-285 

122.3 

33.8 

2a 

73 


1.84 

2.36 

4.20 

duration 

M 

66 

• 

« 

6.0 

29880 

>|02.5 

2>).5 

-277 

-285 

120.)) 

32.6 

2.5 

74 


1.93 

2.U 

4.04 

DURATION 

M 

67 

N 

m 

6.0 

30200 

II02.5 

2>l.5 

-277 

-287 

117.8 

33.3 

£.55 

73 


2.33 

2.11 

4.44 

DURATION 

M 

68 

H 

» 

6.0 

29920 

ItOO.O 

2>t.5 

-277 

-287 

U8.2 

34.0 

2.5 

70 


2,47 

2,11 

4.58 

DURATION 

N 

69 

M 

m 

6.0 

30280 

)|00.0 

2>).5 

-277 

-286 

U8.0 

29.7 

2.5 

71 


2,00 

2.10 

4.U 

DURATION 

* 

70 


N 

6.0 

29800 

>100.0 

8>).5 

-876 

-286 

U7a 

31.9 

2.85 

70 


2.97 

2.36 

5.33 

DURATION 

m 

71 

« 

• 

6.0 

29880 

>*07.5 

25.0 

-277 

ro 

CD 

122.6 

35.8 

3.55 

69 . 


3.05 

2.93 

5.98 

DURATION 

m 

79 

M 

N 

6.2 

29600 

395.0 

26.5 

-277 

-236 

119.5 

33.4 

3.05 

66 


2.8l 

2.72 

5.53 

DURA Ties 


73 

« 


6.0 

30200 

395.0 

26.5 

•277 

-265 

U9.0 

35.1 

3.05 

66 


2,92 

2.60 

5.52 

DURATION 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 28 


BUaD 

T 88 T 

oBJicnvi 

DATE 

TIME 

SPEED 


LOX SEAL 





EEUU 4 SEAL 



REMARKS 

HO. 

MO. 



MIH. 

HFH 

U/S PR. 

D/a PR. 

U/| TtW 

D ^8 IMP 

XZAKAGB 

U/S PR. 

D /8 PR. 

U/g TXMP 

D /8 TEKP 

1 LEAXAOI 0 CIN 








P 8 IQ 

P 8 I 0 

scm 

P 8 IQ 

PSIO 

“p 

LOX 

SIDE 

IVRB 

81 D 8 



2 

T<> 

PHA&K XV 
:ryoo£H 1 C 

7 - 25-78 

6.0 

i.' 976 o 

395.0 

£l >.0 

.276 

-267 


36.3 

2.95 

66 

- 

3.3k 

2 .k 9 

5.62 

DURA 'non 


75 

^CCKLER* 

^TION 

** 

6.0 

29800 

392.5 

£k .5 

-276 

-266 

■ 

37.2 

3.25 

££ 

" 

3.58 

2.83 

6 . 1*0 

DURATION 

" 

76 

UYUIQH 
31 SP LOX 

** 

6 .U 

291100 

392.5 

23.5 

.276 

-287 


33.8 

2.55 

65 

“ 

2.90 

2 .k 9 

5.39 

DURATION 


77 

X£AL, 

S 8£0 
iS SEAL 


6.0 

29600 

390.0 

23.5 

-27b 

-287 


35.8 

2.70 

65 


3.12 

2,£o 

5,72 

DURATION. CCMPUTED 5 HOURS. 
TES'ft:R REMOVED FOR INSPECTION. 
SEAX 3 IN EXCELLENT CONDITION. 

3 

78 


8 - 21 - 7*1 

.05 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

- 

NOISY ACCELERAnON CITTOPP. 


79 



.u 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

NO ACCELERATION TRACE. 


80 



£ 

300k0 

382.5 

29.0 

- 2 T 7 

.285 

173.2 

35.0 

5.5 

105 

lOS 

1.20 

3.3k 

i *.55 

DURATION 

m 

8l 



6 

£9960 

380,0 

23.5 

-277 

.287 

162,9 

37.0 

5.15 

103 

102 

2.07 

2.98 

5.05 

DURATION 

H 

82 



k .9 

300k0 

375.0 

23.0 

-277 

.285 

158*8 

33 .k 

5.2 

102 

97 

1.35 

2.99 

i*, 3 i* 

FACILITY CimiFP 

M 

83 



L 

29920 

375.0 

25.5 

-280 

-287 

m .6 

31.8 

5.6 

lOU 

100 

0.60 

3.1*6 

U.05 

VISICORDER LOST POWER 

W 

dk 



£ 

29960 

375.0 

23.5 

- 27 £ 

-£86 

163.6 

30.8 

5.65 

105 

97 

1.£7 

3.19 

k .86 

DURATION 

N 

85 



£ 

29600 

372.5 

23.0 

-276 

.287 

156,5 

33.3 

5 .k 

106 

93 

2,31 

3.10 

5 .kl 

DURATION 

N 

86 


•• 

£ 

29920 

370.0 

22,5 

-277 

-287 

lk 9.0 

32,6 

5 .k 5 

lo£ 

90 

2.15 

3.11 

5.26 

DURATION 

M 

87 


a 

£ 

29920 

370.0 

22.0 

-277 

-289 

ika.ff 

32.0 

5 .k 5 

105 

88 

2.05 

3.12 

5.17 

DURATION 

N 

68 


a 

.17 

- 

- 

- 

- 

- 

- 

- 

• - 

- 

- 

- 

- 

- 

OVEHSFEED CUTOFF 

• 

89 

a 

a 

6 

30000 

370.0 

£k.5 

-276 

-287 

I6k.9 

3 k. 1 * 

5.3 

105 

87 

2.00 

3.02 

5.02 

DURATION 

M 

90 

a 

a 

£ 

28680 

365.0 

22.9 

-276 

-287 

15k.». 

3k.3 

k.£5 

105 

8£ 

1.92 

2.70 

k.63 

DURATION 

a 

9i 

a 

a-ik.78 

6 

£9680 

365.0 

£k.O 

-272 

■28k 

156.6 

38.3 

k .9 

8 £ 

96 

2.09 

3.09 

5.18 

DURATION ' 

• 

92 


a 

£ 

£ 9£80 

kOO.O 

2$.0 

-276 

.263 

171.3 

32.1 

5.1 

8 £ 

91 

1 . 0 £ 

2.91 

3.97 

DURATION 

a 

93 

a 

a 

6 

£ 9 £kO 

koo.o 

£k.O 

•ZJ6 

■ 281 t 

168.8 

31.9 

5.1 

68 

87 

l.k£ 

2.70 

k.l 6 

DURATION 

H 

9 k 

a 

a 

6 

29720 

liOO.O 

23.5 

-277 

-285 

165.9 

32.7 

k.95 

88 

8 L 

1.79 

2.£0 

k.36 

DURATION 

a 

95 

a 

a 

£ 

29760 

395.0 

23.5 

-280 

.287 

16I.O 

33.7 

k ,95 

9° 

82 

1.99 

2.£0 

k .59 

DURATION 

a 

96 

a 

a 

6 

29720 

395.0 

23.0 

-276 

.282 

170.9 

32.5 

5.1 

92 

6 £ 

1.7k 

3.02 

k.76 

DURATION 

a 

97 


a 

£ 

29520 

395.0 

23.5 

.276 

■ 28 k 

163,7 

31.8 

k.85 

9 k 

83 

1 . 9 £ 

2.82 

k.78 

DURATION 




270 


TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 29 


1X8T 

NO. 

OBJECTIVE 

DATE 

9a 

PHASE IV 
CHIOOhNIC 

a-24-78 

99 

ACC£Ii)R« 

ATION 


100 

RAYI£IOH 
STEP LOX 


101 

SEAL, 
6 SEO 


102 

HE SEAL 


103 


" 

104 

" 


1C5 


•* 

106 

.. ■ 


W7 

" 

" 

U>8 

” 

- 

109 

•• 


110 

- 

M 

111 

" 


U2 

" 

M 

U3 

- 

*• 

114 

- 


U5 

- 

■■ 

116 

" 

« 

U7 

- 

M 

U8 

“ 

H 

119 



120 

" 

« 

121 

• 

N 

122 


H 




DUKATICW 

DUKATION 

DURATION 

DURATION 

DURATION 

DURATION 

DURATION 

DURATICW 

DURATION 

RAN OUT ViaiCOHDSUt TAPER 

DURATION 

DURATION 

DURATION 

DURATION 

DURATION 

DURATION 

DURATION 

DURATION 

DURATION 

P4 cur OFF 

DURATION 

DURATION 

DURAITOH 

DURATION 

DURAHOH 































TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 30 


BUILD 

BEST 

OBJICTIVI 

DAtX 

TOO 

SPEED 

im SEAL 

\ * 


EIUIM SEAL 



KIMAiUCS 


W. 





u/a PR. 

D/a PH. 

U/3 TQff 

V /3 ISKP 

LEAKAGE 

U/B PR. 

D/a PR. 

u/s nxp 

D/8 Off 

P 

i lEAKAOE BCFN 








PSIO 

P3IQ 

°P 

r 

SCfM 

PSIG 

PSIO 

®P 

LOX 

lURB 

TOTAL 

















SIDE 

8IDB 



3 

123 

PHAfii: IV 
CRYO^RIC 

8-24-78 

6 


380.0 

24.9 

-273 

-26X 

174.4 

36.0 

3.65 

98 

78 

4.69 

2.37 

7. 06 

DURATION 

N 

124 

ACCBLBR- 

ATION 


£ 

29^*00 

380.0 

21*. 5 

-273 

-2tJ5 

170. £ 

33.6 

3.5 

97 

77 

i*.l*6 

2.38 

6.84 

DURATION 

H 

125 

RAYLEIQH 
S'SP LOX 

" 

6 

29600 

380.0 

24.5 

-273 

-269 

168.6 

35.9 

3.6 

98 

76 

4.99 

2.38 

7.36 

DURATION 

N 

X26 

8SAL, 
6 8£a 


6 

296kO 

375.0 

24.0 

-272 

-283 

l£8.£ 

34.0 

3.65 

97 

76 

4.99 

2.38 

7.36 

DURATION 

«l 

127 

HS SEAL 

” 

£ 

29120 

300.0 

24.5 

-273 

-261* 

171.2 

35.3 

3.B5 

98 

76 

5.26 

2.38 

7.63 

DURATION 

N 

128 


** 

£ 

29200 

377.5 

24.5 

-271 

-285 

189.3 

34.9 

3.65 

97 

76 

5.00 

2.38 

7.39 

DURATION 

m 

129 

" 

- 

£ 

29680 

375.0 

24.5 

-272 

-289 

170.2 

33.a 

3.85 

95 

75 

4.88 

2.38 

7.26 

DURATION 

m 

130 


- 

6 

29720 

372.5 

24.0 

-272 

-285 

I87.5 

32.5 

3.85 

93 

74 

4.54 

2.38 

6.92 

DURATION 

m 

131 

- 


£ 

29£80 

375.0 

25.0 

-272 

-265 

1£8.2 

34.9 

3.9 

94 

74 

5.68 

2.38 

8.06 

DURATION 


132 

“ 


£ 

29720 

375.0 

25.5 

-271 

-285 

171.0 

36.7 

3.9 

95 

74 

5.68 

2.38 

8.27 

DURATION 

m 

133 



£ 

29480 

375.0 

25.5 

•272 

.269 

171.0 

34.U 

3.9 

95 

74 

5.53 

2.26 ' 

7.79 

DURATION .CCMPU'^IED 10 HOURS. 
TESIER REMOVED FOR 
INSPECTION. SEALS IN 
EXCELLENT CONDITION. . 

k 

134 

PHASE IV 

L2.11-78 

.03 

19480 

340.0 

24.0 

-296 

-281 

191. U 

35.9 

n-o 

102 

95 

.04 

8. 32 

0.36 

HIGH VIBRATION 2U0 P-P 



IPIRAL 

2R00VE 

jOx seal 


.08 













DRAIN T DIPPED TO -297 f AT 
START. 


” 

135 

3tC24£N-iU) 

•* 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

- 

- 

NO SPEED TRACE. DRAIN niiP 



£ SEAL 
















DROPPED AT START. LOX PR 
SPIKED UP AT START. 

m 

136 



.23 

28000 

3JO.O 

28.5 

-292 

•292 

173.0 

31.6 

17.2 

98 

92 

0 

.83 

.83 

SnXO ERRATIC-DROPPED TQ ZERO 
AS LOX PR INCREASE, DRAIN 
TEMP DIPPED PRCM «40 P TO 
-15 P AT START. 

m 

137 

" 

- 

.06 

5520 

332.0 

20.0 

-289 

-289 

200.0 

30.0 

29.7 

99 

87 

0 

.82 

.62 

LOW 8PSED CUr-OPP. 


138 

“ 

■ 

0 

- 

• 

- 


- 

- 

- 

- 

- 

- 

- 

- 

- 

1S81SR DID NOT START WITH 
NORMAL TURBINE PRESSUKI. 

m 

139 

m 


.08 

319£0 

290.0 

33.0 

-276 

-246 

210.0 

34.1 

29.4 

99 

87 

0 

.85 

.85 

OVrERSPEED AT START WITH 
INCREASED TURBINE PH. 


M 

•vj 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 31 


BUILD 

tSST 

oBJKcrm 

DAIS 

TIME 

HIM. 

SPEED 

RFM 

LOZ BEAL 

ESUIM SEAL 

REKAIUCB 

10 . 




u/a PR. 

D/s PR. 

U/J TEKP 

D^a CMP 

LEAKAGE 

U/S PR. 

D/a PR. 

U /8 TSMP 

D/g TJMP 

LEAKAGE 8 CFM 








PSIG 

PSIO 

6 CIM 

PSIO 

P31Q 

°r 

LOX 

TURB 

TOTAL 

















SIDE 

SIDE 




140 

?UA31i IV 
3PIRAL 
}HOOVE 
J)X SEAL 
JSiXENTCD 

.2-11-75 

1.22 

2^600 

3J7.0 

30.5 

-260 

.276 

162.0 

35.6 

4t).0 

99 

56 

0 

.67 

.63 

.S7 

LOW SPEED CUT-OFP. DRXT?J 
TBtf DIPPED TO -20 j F AT 
START GRADUALLY INCREASED 
TO -ao F. 

SPEED ERRATIC. LOX PR 





N 


IE SEAL 

" 

6 

29720 

340.0 

19.0 

■261. 

-268 

127.0 

36.3 

24.6 

97 

69 

0 

.66 


141-2 




31240 

227.0 

22.5 

-285 

•264 

110.0 

37.1 

33.9 

93 ■ 

63 

0 

.89 

.89 

DROPPED GRADUALLY FROM 
340 PSIO TO 210 PSIO. 

.. 


H 

.. 

2. a 

'^byao 


29.0 

.260 

-271 

165.0 

33.3 

33.4 

9!) 

64 

0 

.89 

.85 

EXCESSIVE LEAKAGE. LOX 






31000 

177-0 

69.0 

-261 

-262 

326.0 . 

33.7 

50.0 

91 

6k 

0 

.85 

.85 

POURINO OUT DRAIN. LOX PA 
COULD NOT BE INCREASED ABOVE 
177 PSIG. LEAK ORI ^P 
PEGGED OUT. INSPECTION 
REVEALED HEAVY RUBBING 
A WEAR on SPIRAL GROOVE 
SURFACE. 

9 

lk3 

PHASB IV 

V-lJ-79 

•03 

167 &) 

179.0 

28.5 

-297 

.296 

303.0 t 

31.4 

23.9 

62 

62 

0 

3.4 

3.4 

EXCESSIVE LOX UAKAOE PRETEST 
AND DURUG TEST. CITIOIT 



(OD I 
















DUB TO VIBRATION REDLUS 



SPIRAL 

IROOVl 
















20 i«. 

M 

lU 

jOx seal. 
iKMZirnu) 

IS SEAL 

" 

.09 

19600 

149.0 

16.0 

.296 

-297 

132.0 

37.3 

U.6 

79 

79 

0 

3*01 

3.01 

CUTOFF DUX TO VIBRATION 
REDLIXX 20 gi. 





.29 

32000 

192.9 

U2.0 

.260 

-297 

210.0 

40.4 

31.7 

79 

61 

0 

2.98 

2.98 

OVXBSFUD CUTOFF. EXCESSIVE 
LOX UAXAQX POST TEST. 

TESTER WOULD IDT START WITH 
MAX TURB PR. TSSHB TORQUE 
BIOH A ERRATIC. 

IHSFBCTIOM iSVXALED RUBBIIG 
A WEAR , ON SPIRAL GROOVE 
SURFACE. 

6 

146 

HASE IV 
100 IX 

B-29-79 

.05 

• 

U 9.0 

1.0 

-as 

-303 

15.4 

35.9 

.25 

62 

83 

5.564 

0.60 

6.16 

ACCXURCMETER REDURS. 
NO SPEED TRACE. 

N 

UT 

tPIRAL 

IROOVE 

OX SEAL 

" 

.09 

- 

137.9 

*1.0 

.a3 

-300 

17.6 

35.8 

7.15 

62 

90 

3.961 

4.43 

6.40 

ACCXIXRCMEIXR RSDUEE. 
NO SPEED TRACE. 

. 

146 

tXOlEXlXl) 
S BEAL 

- 

.19 

33030 

IS 9.0 

.9 

-290 

.266 

22.3 

23.0 

l£.2 

83 

91 

4.246 

7.10 

U .34 

0VSR3PKSD CUT-OIT 

- 


- 

“ 

.23 

37030 

190.0 

-.9 

-261 

.276 

J9.5 

34.0 

20.5 

66 

99 

4 . 06 } 

6.22 

12.29 

OVERSFEBD CUT-OFF 

" 

190 

■■ 

• 

.12 

32320 

1^.0 

3.0 

-JIO 

.266 

12.6 

26.0 

10.0 

66 

94 

5.691 

5.62 

U .31 

OVX^PEED CUT-OFF 

' m 

191 

.. 

- 

.27 

32000 

192.9 

.9 

-299 

.276 

29.4 

30.0 

13.3 

66 

95 

5.027 

6.27 

U.30 

OVXRSFEZD CUT-OFF 

•* 

19 a 



.23 

33230 

130.0 

.9 

.292 

.290 

a.s 

37.0 

19.0 

66 

95 

5.321 

6.633 

12.13 

OVXRSFEEO CUT-OFF 
. ^ 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 32 


BUILD 

isat 

oBjscrivx 

DATS 

TDa 

SPEED 


USX SEAL 





EIUIM SEAL 



REMARKS 







U/S PR. 

D/s PS. 

U /3 TOCT 

D/S TXMP 

LEAKAGE 

U/B PH. 

D /3 PR. 

U/g UMP 

D/s 1 D<P 

®P 

1 LEAKACZ SCFM 








P 8 IQ 

PSIO 

®r 

f 

SC 7 M 

P 8 IG 

PSIO 

LOX 

SIDE 

TURB 

8 IDB 

total 

' 

6 

153 

PBAS IV 

8-29-79 

•60 

35760 

155.0 

.5 

-259 

-260 

22.2 

23.0 

11.3 

B 6 

95 

4.459 

5.860 

10.32 

OVERSFEED CUT-OPP 

" 

154 

SPIfULL 

OROOVB 

- 

.53 

374 W) 

197.5 

.5 

-298 

-267 

19.6 

33.4 

20.9 

86 

96 

3.948 

8.182 

12.13 

OVSRSFEED CUT-OPP 

•* 

155 

LOX BULL 
BtOOBISD 


.50 

33920 

202.5 

.5 

-271 

-253 

18.8 

32.1 

19.5 

86 

95 

5.365 

7.843 

13.21 

0 VER 8 FEED CUT-OPP 

•* 

156 

BB SUL 


.30 

33200 

180.0 

.5 

-258 

-259 

18.7 

31.0 

13.5 

66 

95 

5.526 

6.099 

11.63 

OVERSPEID CUT-OPP 

" 

157 

" 


.38 

39200 

185.0 

•5 

-299 

-256 

16.1 

33 .>> 

15.3 

86 

96 

4.249 

6.608 

10.66 

OVERSFEED CUT-OPP 

" 

158 

" 


.05 

33200 

157.5 

1.0 

-299 

-283 

24.7 

31.2 

9.0 

86 

95 

4.909 

5.159 

10.07 

OVERSPEKD CUT-OPP 

- 

159 

“ 


2.80 

321)1)0 

185.0 

•5 

-259 

- 2 n 

19.4 

33.5 

7.7 

86 

92 

4.218 

4.612 

8.63 

ovERSPEED cuT-orr 

> 

X 60 

•• 


.1 

32600 

85.0 

3.0 

-293 

-286 

18.5 

30.0 

10.0 

86 

92 

5.232 

5.371 

10.60 

OVERSFEED CUT-OPP 

“ 

I 6 l 

n 


.17 

27000 

85.0 

1.5 

-292 

-290 

13.0 

34.5 

10.0 

66 

92 

4.381 

5.371 

9.75 

ACCEURCMXTBR CUT-OPP. 
TURBIXE B 0 U 8 IB 0 1006 X. 

- 

162 

- 

9-5-79 

• 12 

30920 

100.0 

9.0 

-310 

-264 

43 . 1)6 

24.0 

9.5 

105 

116 

3.52 

5.13 

8.65 

ACCEUntOETBR CUT-OPP 

> 

163 

" 


• 10 

3061)0 

100.0 

u.o 

.310 

-266 

41.45 

31.5 

13.0 

105 

U 3 

4.51 

5.89 

10.40 

ACCEIXRCNETXR CUT-OPP 

" 

161 ) 


*• 

.13 

36080 

100.0 

5.5 

-307 

■266 

30.66 

34.5 

12.3 

105 

U 3 

‘t .59 

5.69 

U.47 

OVERSFEED CUT-OPP 
ACCSLBRCKETEa CUT-OPP 

" 

165 

" 

- ' 

2 .^ 

32920 

100.0 


-303 

-264 

26.93 

34.7 

l ).5 

105 

109 

4.70 

3.34 

8.04 

OVERSFEED CUT-OPP 

“ 

166 


” 

.52 

32320 

90.0 

2.5 

-307 

.267 

21.83 

35.3 

6.7 

105 

108 

3.91 

Ii.l 4 

8.04 

OVERSFEED CUT-OPP 

• 

167 

■ “ 

“ 

M 

33080 

77.5 

2.0 

-307 

-272 

19.30 

32.8 

6.2 

106 

110 

3.38 

*).13 

7.50 

0 VSR 3 IEED CUT-OPP 

" 

168 

” 

" 

10.02 

30080 

157.5 

1.0 

.170 

-270 

10.94 

39.0 

6.9 

104 

104 

3.56 

4.07 

7.63 

TEST REQUIRSMEXT CCMFLETXD 


169 



13.72 

' 

30000 

225.0 

5.5 

- 21)5 

-280 

19.52 

3 >i .3 

5.8 

105 

99 

3.63 

3.72 

7.35 

HIGH LOX SEAL DRAIB FRBSSUOt 
AHD IRAUOE. 1 B 8 PBCTI 0 H 
REVSAIED RUBBISO A VEAR 
OB SPIRAL OROOVS SURFACE. . 

7 

170 

PHASE IV 
MOD III 

1 - 22-80 

0.06 

32320 

uo.o 

56.5 

- 281 ) 

-263 

7 ‘i .3 

61.0 

1 ) 0,00 

88 

100 

0 

.79 

.79 

OVERSFEED CUT-OPP 


171 

8 PZIUL 

OROOVB 


15.00 

29880 

180.0 

7.5 

-261 

-286 

23.5 

38.5 

6.15 

84 

93 

3.56 

3.25 

6.61 

TEST REQUIRIMIBT CCKPUTEO 


172 

LOX fiXAL 


15.00 

29800 

250.0 

5.0 

-273 

.300 

20.1 

38.6 

4.85 

90 

90 

3.64 

3 .U 

6,75 

TEST RSQUIRDOBT COMPUTED 

“ 

173 

N 


15.00 

29880 

31 ) 0.0 

6.5 

-272 

-299 

22.3 

37.9 

5.65 

90 

84 

3.76 

3.22 

6.99 

TEST REQUIRIMEHT CCMFIETED 


17I) 

« 


.10 

31960 

375.0 

9.5 

.280 

-302 

28.5 

35.3 

3,95 

BS 

62 

3.69 

1.67 

5.36 

OVERSFEED CUT-OPP 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE IV 


Page 33 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE V 


Page 34 


BUlIi) 

IO« 

S8T 

10. 

o&ncTivi 

DATI 

TDS 

kh. 

6FIZD 

RFM 

LOX SEAL 

EELIIM SEAL 

REMARKS 

U/3 FR. 
PSIO 

D/s PR. 
PSIO 


D^S TBff 

ZAAKAGS 

sent 

U/8 PR. 
PSIO 

d/s PR. 
P3IQ 

U/g TEMP 

®F 

D/g TEMP 

1 LEAKAGE SCFM 

LOX 

SIDE 

TURB 

SIDS 

tCHAl 


1 

1 

PHASE 

6-25-81 

.05 

20,000 

130 

.05 

-296 

-328 

0.92 

35.2 

2.5 

101 

99 

2.11 

1.00 

3.11 

OVERSPEEO CUT-OFF 

1 

2 

V SPIRAL 

<1 

.10 

12,800 

130 

.05 

-298 

-328 

Ml 

35.0 

1.4 

99 

96 

1.61 

0,59 

3.20 


1 

3 

GROOVE LOX 

II 

.11 

22,800 

130 

.05 

-298 

-328 

0.95 

36.6 

1.5 

too 

97 

2.03 

1.31 

3.36 

II 

1 

k 

SEAL 

SECHENTEO 


.11 

24,000 

135 

.05 

-296 

-328 

1.09 

36.0 

1.5 

95 

96 

1.66 

0.88 

2.54 

II 

1 

5 

He SEAL 

II 

.40 

26,000 

135 

4,00 

-298 

-319 

8.36 

36.0 

1.6 

95 

95 

1.65 

1.65 

3.10 

■■ 

\ 

ft 

>1 

II 

.10 

lOQ 

135 

2.00 

-298 

-319 

5.30 

34.0 

1.5 

99 

97 

1.52 

1.31 

2.82 

II 

1 

7 

M 


.60 

2>l,920 

165 

5.00 

-298 

-318 

9.61 

36.0 

1.0 

99 

95 

1.32 

1.21 

2.53 

II 

1 

8 

11 

II 

.55 

27.600 

135 

6,00 

-298 

-322 

6.96 

36.2 

1.0 

97 

89 

1.51 

1.32 

2.83 

II 

1 

9 

41 

II 

.35 

22,000 

135 

1,00 

-298 

-322 

1.11 

36.2 

1.2 

99 

89 

1.65 

0.89 

2.56 

II 

1 

10 

II 

• 1 

.60 

25.600 

135 

.05 

-298 

-319 

1.12 

36.2 

1. 1 

99 

89 

1.60 

.59 

2.19 

II 

1 

II 

II 

II 

.65 

■I, 600 

135 

6,00 

-298 

-319 

10.81 

36.6 

0.75 

99 

89 

1.21 

1.32 

2.53 


1 

12 

II 

II 

l.^ 

20,000 

135 

5.00 

-298 

-322 

9.26 

34.0 

1.3 

100 

89 

2.27 

0.27 

2.54 

instrumentation malfunction 

1 

13 

• 1 

• 1 

.65 

21,600 

150 

6.0 

-298 

-319 

9.68 

35.0 

0,75 

99 

88 

1.65 

0.89 

2.56 

OVERSPEEO CUT-OFF 

1 

\k 

II 

II 

1.50 

29,200 

120 

4.0 

-298 

-328 

5.00 

35.0 

0.50 

100 

93 

2.26 

0.26 

2.52 

■■ 

\ 

15 

II 

II 

.96 

26,800 

150 

ft.O 

-298 

-322 

9.35 

35.0 

0.50 

99 

93 

1.93 

0.26 

2.19 

" 


18 

II 

II 

1.83 

30,600 

135 

6.0 

-298 

•319 

9.35 

35.0 

0.60 

too 

92 

1.92 

0.27 

2.19 

II 

1 

17 

II 

II 

.15 

26,600 

135 

5.0 

-298 

-319 

8.13 

36.0 

0.60 

100 

92 

1.92 

0.27 

2.19 

II 


18 


7-8-81 

.08 

21,600 

140 

12.0 

-302 

-254 

16.88 

31.4 

2.5 

104 

108 

1.41 

1.93 

.1.34 

•• 

1 

19 

M 

« 

.36 

30,000 

140 

4.0 

-302 

-328 

7.43 

30.8 

2.4 

104 

108 

1.19 

0.87 

2.06 

INSTRUMENTATION MALFUNCTION 

1 

20 

* 

M 

.73 

X.000 

140 

7.0 

-302 

-328 

11.18 

36.2 

2.35 

104 

106 

1.42 

0.76 

2.16 

OVERSPEEO CUT-OFF 

1 

21 

■ 

II 

1.08 

30,000 

140 

2.0 

-302 

-227 

5.28 

36.0 

2.35 

105 

107 

2.12 

0.58 

2.70 

II * 

1 

22 

« 

N 

.90 

30,000 

140 

2.0 

•302 

-280 

5.13 

66.6 

2.35 

105 

107 

2.66 

0.58 

3.02 

M 

) 

23 

N 

H 

1.15 

29,080 

135 

7.0 

-302 

-328 

12.2 

36.6 

2.25 

104 

107 

1.59 

0.58 

2.17 

ACCELEROMETER CUT-OFF 

1 

24 


II 

1.22 

30,000 

140 

2.0 

-X2 

•280 

5.65 

30.8 

3.0 

105 

106 

1.41 

1.30 

2.71 

OVERSPEEO CUT-OFF 

! 

25 

H 


.75 

28,000 

130 

7.0 

-302 

-328 

10.96 

35.0 

3.0 

105 

106 

1.86 

0.87 

2.71 

ACCELEROMETER CUT-OFF 

1 

26 


m 

.83 

29,800 

140 

4.0 

-X2 

-328 



7.02 

63.6 

3.1 

102 

lOS 

1.98 

0.39 

2.37 

INSTRUMENTATION MALFUNCTION 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE V Page 35 


BUILD 

TEST 

OBJECTIVE 

DATS 

TIME 

SPEED 


U3Z SEAL 





ESUIM SEAL 



RDORKB 

10. 

NO. 



HIM. 


U/a FR. 

D/a PR. 

U/J TQCP 

D^a UMP 

LEAKACZ 

u/a PH. 

D/a PR. 

U/8 TB4P 

D/3 TQtP 

T 

LEAKAGE 8CFM 








P3IC 

P810 

Bcm 

PSIG 

PSIG 


LOX 

SIDE 

TURB 

SIDE 

TOTAL 


1 

27 

PHASE V 
SPIRAL 

7-8-81 

1.75 

30,000 

140 

6.0 

*102 

-328 

9.59 

44.0 

3.1 

102 

105 

2.33 

0.39 

2,72 

OVERSPEED CUT-OFF 

1 

28 

GROOVE 
LOX SEAL 

M 

I.ii8 

30.000 

140 

5.0 

-302 

-328 

8.30 

36.6 

3.0 

105 

105 

2.35 

0.39 

2.74 

ACCELEROMETER CUT*»0FF 

1 

23 

SEGMENTED 
He SEAL 


2.18 

30.000 

140 

4.0 

-302 

-328 

8.30 

37.0 

3.0 

102 

104 

2.35 

0.39 

2.74 


1 

30 

M 

" 

1.48 

30.000 

140 

6.0 

-302 

-328 

10.76 

37.0 

3.0 

102 

102 

2.35 

0.39 

2.74 

" 

1 

31 

it 

7-9-81 

.16 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-■ 

- 

- 

- 

SPEED TRACE FAILURE 
SEAL DAMAGE 

2 

32 


2-3-82 

1.05 

30,000 

60 

0.1 

-311 

-305 

20.17 

1.6 

0.15 

95 

97 

0.85 

0.39 

1.24 

INSTRUMENTATION MALFUNCTION • 

2 

33 



0.216 

31,200 

150 

12.0 

-311 

-302 

25.33 

7.6 

0.10 

95 

97 

0 

1.34 

1.34 

OVERSPEED CUT-OFF 

2 

34 


" 

7.72 

29,880 

140 

9.0 

-311 

-305 

22.32 

39.0 

0.10 

94 

99 

0 

1.83 

1.83 

UNDERSPEED CUT-OFF 

2 

35 


- 

1.00 

30,400 

140 

10.0 

-311 

-305 

31.42 

5.B 

0.95 

95 

99 

0 

1.19 

1.19 

OVERSPEED CUT-OFF 

2 

36 



0.70 

31 ,400 

140 

10.0 

-311 

-305 

33.35 

4.0 

0.90 

97 

103 

0 

1.19 

1.19 


2 

37 

- 


0.45 

31,120 

30 

3.0 

-311 

-305 

11.64 

7.0 

0.50 

99 

103 

1.63 

0.87 

2.50 

- 

2 

38 

H 

“ 

5.30 

29.000 

140 

12.0 

-311 

-305 

13.27 

35.6 

0.10 

97 

103 

0 

1.73 

1.73 

TEST REQUIREMENT COMPLETED 

2 

39 

N 


0.53 

32,360 

260 

26.0 

-311 

-305 

30.49 

26.0 

1.00 

97 

105 

0 

2.95 

2.95 

OVERSPEED CUT-OFF 

2 

40 

M 

n * 

1.58 

30,480 

240 

22.0 

-311 

-306 

23.02 

32.6 

0.35 

97 

105 

0 

2.35 

2.35 

H 

2 

41 

•4 

2-5-82 

0.33 

28,800* 

240 

28.0 

-271 

-295 

42.87 

7.6 

2.00 

91 

97 

0 

1.66 

1.66 

" 

2 

42 


« 

0.28 

28,720* 

240 

32.0 

-271 

-295 

53.38 

16.0 

3.10 

89 

103 

0 

1.70 

1.70 

- 

2 

43 

M 

■ 

0.32 

26,800* 

240 

32.0 

-280 

-297 

42.32 

15.6 

1.75 

89 

103 

0 

1.69 

1.69 

- 

2 

44 

N 

M 

2.22 

27,000* 

220 

24.0 

-271 

-297 

18.83 

30.4 

0.60 

89 

100 

■ 0 

1.71 

1.71 

N N 

2 

45 

■ 

« 

0.10 

26,000* 

240 

2.0 

-245 

•234 

9.15 

4.8 

0.40 

94 

103 

0 

1.10 

1.10 

" 

2 

46 

It 

2-9-82 

0.40 

31,800 

240 

8.0 

-271 

• 

35.73 

8.8 

2.35 

105 

103 

0 

1.22 

1.22 

- 

2 

47 

N 

" 

9.82 

30,400 

230 

4.0 

-271 

-238 

44.52 

31.8 

2.40 

103 

103 

2.06 

1.79 

3.85 

TEST REQUIREMENT COMPLETED 

2 

48 

H 

* 

2.27 

31.600 

340 

16.0 

-253 

-302 

50.80 

86.4 

18.8 

2.25 

97 

97 

0 

2.09 

2.09 

OPERATOR CUT -ERRATIC SPEED 
TRACE, inboard slave seal FAI 

3 

*•3 

*' 

4-7-82 

.39 

14,000 

340 

16.0 

-290 

•253 

36.0 

1.0 

78 

82 

1.19 

.89 

2.08 

SPEED CONTROL 

3 

50 


II 

.06 

16,000 

250 

20.0 

-300 

- 

44.4 

35.6 

1.75 

78 

82 

2.02 

1.67 

3.69 

LOX SEAL PR REDLINE 

3 

51 

II 

II 

.03 

17.000. 

100 

30.0 

- 

• 

51.9 

35.4 

1.75 

78 

80 

1.50 

1.83 

3.34 

LOX SEAL PR REDLINE 

3 

52 

M 

II 

.7 

25,'tOO 

320 

34.0 

-271 


188.4 

36.0 

1.0 

78 

62 

■4.80 

1.12 

2.93 

bearing CAV flow REDLINE 


*■ INSTRUMENTATION MALFUNCTION READINSS IN ERROR 
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TABLE C-1. NASA CRYOGENIC SEAL TEST SUMMARY, PHASE V Page 36 


£unj) 

1E8T 

OBJECTIVE 

OATS 

TIME 

SPEED 


LQZ SEAL 





EILItM BEAL 



RIMARXB 


MO, 



MDI. 


u/a PH. 

0/3 PR. 

U/3 TQCP 

D/3 nw 

LEAKAGE 

u/B pa. 

D/S PH. 

U/B 1S4P 

D/s TEMP 

®F 

( LEAKAGE SCFM 








psin 

PSIO 

F 

F 

scm 

PSIG 

P31G 

°P 

LOX 

SIDE 

WRB 

SIDE 

KnU 


j 

53 

PHASE V 
SPIRAL 

6-7-62 

.6 

21.120 

jOO 

29.0 

- 

-290 

187.1 

36.0 

1.15 

78.0 

84 

1.88 

1.32 

3.21 

SPEED CONTROL 

3 

5»* 

GROOVE 
lOX SEAL 


.23 

32.000 

380 

58.0 

-245 

-245 

190.5 

46.0 

1.25 

75.8 

62 

.21 

1.32 

1.56 

OVERSPEED 

3 

55 

SEGMENTED 
He SEAL 


.13 

32,600 

320 

26.0 

-228 

-290 

138.9 

36.0 

1.25 

75.8 

62 

2.37 

1.32 

3.70 

OVERSPEED 

3 

56 

" 

II 

.15 

23.680 

300 

22.0 

-237 

-290 

128.7 

38.0 

1.65 

75.8 

82 

.97 

.89 

1.86 

ACCEL REDLINE 

3 

57 


M 

.15 

26,000 

360 

28,0 

-267 

-290 

163.5 

60.0 

.9 

75.8 

82 

1.74 

.89 

2.63 

ACCEL REDLINE 

3 

58 

M 

•* 

4.8 

3<|000 

360 

18.0 

-265 

-290 

102.8 

46.0 

.5 

86.8 

• 

1.65 

.97 

2.63 

LOW SPEED REDLINE 

3 

59 

M 

II 

.65 

32,200 

360 

20.0 

-262 

-230 

M6.4 

62.0 

1.25 

73.6 

78 

2.62 

1.33 

3.95 

OVERSPEED 

3 

60 


16 

.12 

32.200 

360 

20.0 

-265 

-290 

111.5 

66.0 

2.5 

78.0 

78 

.35 

1.68 

2.03 

OVERSPEEO 

3 

61 

'• ' 


.1 

32.200 

345 

6.0 

-265 

-295 

52.2 

44.6 

1.15 

73.6 

78 

1.63 

1.42 

2.85 

OVER^PEED 

3 

62 


" 

.12 

32.120 

340 

12.0 

-265 

-290 

80.2 

48.0 

1.65 

73.6 

78 

.69 

1.33 

2.02 

OVERSPEED 

3 

63 


II 

.1 

32.000 

360 

10.0 

-245 

-290 

75.0 

46.0 

1.15 

73.6 

78 

1.52 

1.33 

2.85 

OVERSPEED 

3 

64 

It 

II 

6.7 

30.160 

360 

6.0 

-245 

-262 

50.3 

66.0 

.5 

73.6 

78 

1.51 

1.51 

3.03 

TEST REQUIREMENT COMPLETED 

3 

65 

II 

II 

2.3 

36,520 

400 

10.0 

-228 

-265 

60.5 

58.0 

1.9 

69.1 

73 

2.31 

1.98 

6.30 

LOW SPEED REDLINE 

3 

66 

M 

II , « 

.7 

32,320 

600 

16.0 

-221 

-228 

81.9 

52.0 

1.0 

73.6 

73 

1.08 

1.02 

2.10 

OVERSPEEO 


‘7 

II < 

II 

.18 

31,920 

600 

3.0 

-213 

-228 

55.3 

51.6 

1.5 

73.6 

73 

1.63 

1.33 

2.97 

OVERSPEED 

3 

68 

II 

II 

.28 

31.680 

600 

6.0 

-213 

-221 

69.8 

58.0 

.5 

73.6 

73 

1.71 

1.60 

3.32 

OVERSPEED 

3 

69 

II 

II 

2.1 

31,600 

360 

6.0 

-187 

-177 

66.3 

56.0 

.5 

73.6 

73 

1.20 

.90 

2.10 

OVERSPEED 

3 

70 

II 


.83 

31,680 

300 

4.0 

-173 

-163 

37.3 

60.0 

.6 

66.6 

69 

1.72 

.40 

2.12 

OVERSPEEO 

3 

71 

II 

4-8-82 

3.8 

30,600 

80 

2.0 

-119 

-128 

19.9 

36.6 

4.0 

129.6 

91 

.86 

.88 

1.76 

LOW LOX SEAL CAV PR. 






